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Amendments to the Claims : 

This listing of claims replaces all prior versions and listings of claims in the application: 

Listing of Claims : 
1-14. (Withdrawn) 

d>,ic, 15. (Original) A kit for detecting dengue virus comprising: 

A first dengue virus-specific primer, which is 18 to 28 nucleotides in length and includes 
at least 18 nucleotides of SEQ ID NO: 1; and 

A second dengue virus-specific primer, which is 18 to 28 nucleotides in length and 
includes at least 18 nucleotides of SEQ ID NO:2. 

o . i* 16. (Original) The kit of claim 15, further comprising a known amount of a competitor 
nucleic acid with length detectably different from the dengue virus RNA. 

* • 17. (Original) The kit of claim 15, wherein the first dengue virus-specific primer is 1 8 to 
23 nucleotides in length. 

°- 18. (Original) The kit of claim 15, wherein the first dengue virus-specific primer is the 
nucleotide sequence of SEQ ID NO:l. 

O • ic . 19. (Original) The kit of claim 1 5, wherein the second dengue virus-specific primer is 
18 to 23 nucleotides in length. 

O . . 20. (Original) The kit of claim 15, wherein the second dengue virus-specific primer is 
the nucleotide sequence of SEQ ID NO:2. 
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O* lA 21. (Original) The kit of claim 17, wherein the second dengue virus-specific primer is 
18 to 23 nucleotides in length. 

O K I*. 22. (Original) The kit of claim 18, wherein the second dengue virus-specific primer is 
the nucleotide sequence of SEQ ID NO:2. 

O. 23. (Original) A nucleic acid, which is 18 to 28 nucleotides in length and includes at 
least 18 consecutive nucleotides of SEQ ID NO:L 

O . . 24. (Original) The nucleic acid of claim 23, wherein the nucleic acid is 18 to 23 
nucleotides in length and includes at least 18 consecutive nucleotides of SEQ ID NO:l. 

O . u*-. 25. (Original) The nucleic acid of claim 23, wherein the nucleic acid is the nucleotide 
sequence of SEQ ID NO: 1 . 

/OK o /+»<rr&L ®^ (Currently Amended) A nucleic acid, which is 1 8 to 28 25 nucleotides in length and 
includes at least 18 consecutive nucleotides of SEQ ID NO:2. 

f£ . zxxn> 27. (Original) The nucleic acid of claim 26, wherein the nucleic acid is 18 to 23 
nucleotides in length and includes at least 18 consecutive nucleotides of SEQ ID NO:2. 

v V\l* firt&f (Currently Amended) A The nucleic acid of claim 26 , wherein the nucleic acid is the 

nucleotide sequence of SEQ ID NO :2. 

29. (Original) An isolated nucleic acid comprising a fragment of a dengue viral genome 
or a DNA copy thereof, wherein the fragment includes: 

a first sequence that is complementary or identical to at least 18 consecutive nucleotides 
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a second sequence that is complementary or identical to at least 1 8 consecutive 
nucleotides of SEQ ID NO:2; and 

a non-naturallv occurring deletion or insertion , the deletion or insertion occurring in a 
region of the fragment flanked by the first and the second sequence. 

30. (Original) The nucleic acid of claim 29, wherein the first sequence is 
complementary or identical to SEQ ID NO:l and the second sequence that is complementary or 
identical to SEQ ID NO:2. 

31. (New) The nucleic acid of claim 29, wherein the nucleic acid is consists of: 

a first sequence that is complementary or identical to at least 18 consecutive nucleotides 
ofSEQIDNO:l; 

a second sequence that is complementary or identical to at least 18 consecutive 
nucleotides of SEQ ID NO:2; and 

a third sequence that is flanked by the first and second sequence, wherein the third 
sequence is complementary or identical to a genomic Dengue virus region that is (a) naturally 
flanked by the first and the second sequence and (b) includes a non-naturally occurring deletion 
or insertion. 

32. (New) The nucleic acid of claim wherein the first sequence is complementary or 
identical to SEQ ID NO: 1 and the second sequence is complementary or identical to SEQ 
IDNO:2. 
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ABSTRACT 



Cytokine-receptor and cytokine antagonist-enriched blood- 
dervided compositions and methods of preparing and using 
the compositions are provided. Also provided are composi- 
tions and methods for the treatment or prevention of disor- 
ders, especially acute inflammatory disorders involving 
pathological responses of the immune system, such as viral 
hemorrhagic diseases, sepsis, rheumatoid arthritis and other 
autoimmune disorders, acute cardiovascular events, flare- 
ups and acute phases of multiple sclerosis, wasting disorders 
and other disorders involving deleterious expression of 
cytokines and other factors, including tumor necrosis factor 
(TNF) and interleukin-1 (IL-1) are provided. 
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COMPOSITIONS AND METHODS FOR TREATING 
HEMORRHAGIC VIRUS INFECTIONS AND 
OTHER DISORDERS 

RELATED APPLICATIONS 

[0001] This application is a divisional of U.S. application 
Ser. No. 09/562,979, filed Apr. 27, 2000, by Terry M. 
Fredeking and George M. lgnatyev, entided "COMPOSI- 
TIONS AND METHODS FOR TREATING HEMOR- 
RHAGIC VIRUS INFECTIONS AND OTHER DISOR- 
DERS". Benefit of priority under 35 U.S.C §119(e) to U.S. 
provisional application Ser. No. 60/198,210, which was filed 
as U.S. application Ser. No. 09/301,274, filed Apr. 27, 1999, 
and converted to a provisional on Apr. 27, 2000, by Terry M. 
Fredeking and George M. lgnatyev, entided "COMPOSI- 
TIONS AND METHODS FOR TREATING HEMOR- 
RHAGIC VIRUS INFECTIONS AND OTHER DISOR- 
DERS", is claimed herein. 

[0002] The subject matter of each of U.S. application Ser. 
Nos. 09/562,979 and 09/301,274 is incorporated by refer- 
ence in its entirety. 

FIELD OF INVENTION 

[0003] The present invention relates to compositions and 
methods for treating and/or preventing in mammals, par- 
ticularly humans, acute inflammatory responses and dis- 
eases. More particularly, compositions and combinations of 
compositions and methods for the treatment of disorders, 
especially acute inflammatory disorders, involving patho- 
logical responses of the immune system are provided. Hence 
the disclosure herein provides compositions and methods for 
preventing and/or treating diseases, disorders and conditions 
that include viral hemorrhagic diseases and other acute 
infectious diseases, sepsis, rheumatoid arthritis and other 
autoimmune disorders, acute cardiovascular events, flare- 
ups and acute phases of multiple sclerosis, wasting disorders 
and other disorders involving deleterious expression of 
cytokines and other factors, including rumor necrosis factor 
(TNF) and interleukin-1 (IL-1). 

BACKGROUND OF THE INVENTION 

Diseases and Disorders Associated with or 
Characterized by Acute Inflammatory Responses 

[0004] Responses of the immune system to pathogens and 
to other bodily insults are essential for survival of mammals. 
Inappropriate or excessive response, however, is associated 
with certain acute and chronic diseases. In such cases, 
inappropriate stimulation of various defense strategies 
involving inflammatory cells and the immune system pro- 
duces the symptoms characteristic of the disease. The 
response of a mammal to infection with a hemorrhagic virus 
or a pathogenic strain of Escherichia coli and sepsis are 
exemplary of such responses. There are few, if any, effective 
treatments to counteract these responses. 

Interleukin-1 and Receptors Therefor 

[0005] The two forms of lnterleukin-1 (IHa and EL-ip) 
are cytokines produced primarily by mononuclear phago- 
cytes, but also by a number of other cell types including skin 
keratinocytes, some epithelial cells, and some cells of the 
central nervous system (CNS). These cytokines produce a 



wide variety of effects on numerous cell types, including the 
induction or suppression of the production of a great number 
of other proteins including interleukins, cytokines, tumor 
necrosis factors, and colony stimulating factors. a and 
IL-lp are thus important mediators of the inflammatory and 
immune responses of animals. Because of the early appear- 
ance of IL-1 during the inflammatory reaction and the 
immune response, and because of the variety of effects 
produced by IL-la and IL-lp, these factors play a role in the 
production of pathological conditions resulting in chronic 
inflammation, septic shock, and defects in hematopoiesis. 
The effects of these interleukins result from the binding of 
these factors to two distinct cell surface receptors, IL-1R 
Types 1 and II. Type I receptor is an 80 kDa protein found 
on T cells, fibroblasts, and keratinocytes. Type II receptor is 
a 68 kDa protein found on B cells and polymorphonuclear 
leukocytes (PMNs). In general, the Type I receptor binds to 
IL-la or IL-lp with approximately equal affinity and the 
Type II receptor binds IL-lp more strongly than IL-la. 
Results indicate that only the Type I receptor is capable of 
transducing a signal and can produce all of the biological 
effects attributed to IL-1. It has been suggested that the 
function of the membrane-bound Type II receptor is to serve 
as the precursor for a soluble ILrl binding factor that can be 
shed under appropriate circumstances to antagonize and 
modulate IL-1 activity. A naturally occurring IL-1 binding 
protein has been described that seems to correspond to the 
soluble external portion of the Type II receptor. 

[0006] A different type of naturally occurring inhibitor of 
IL-1 activity was discovered and purified from the urine of 
patients with monocytic leukemia. A cDNA clone encoding 
this polypeptide has been isolated from monocytes and 
found to code for a mature 152 amino acid residue glyco- 
protein of 25,000 molecular weight. This molecule, known 
as secreted IL-1 receptor antagonist (slL-1 Ra), shows 25% 
amino acid homology to IL-ip and 19% homology to IL-la. 
Evidence indicates that the inhibitory action of sIL-IRa 
results from binding of IL-IRa to the IL-1 receptor Type I 
with an affinity comparable to that of IL-la or IL-ip (Kd 
-200 pM), thus competing with IL-la or p for binding to this 
receptor. This binding, however, does not result in signal 
transduction. IL-IRa binds to the IL-1 receptor Type II with 
considerably lower affinity than that shown by IL-lp. 

[0007] Cells know to produce IL-lra include monocytes, 
neutrophils, macrophages and fibroblasts. Cytokines known 
to upregulate IL-IRa production include IL-13, IL-6, IL-4, 
IFN-y, GM-CSF and TGF-p, the latter apparently by trig- 
gering IL-1 production which itself triggers IL-lra synthe- 
sis. The amino acid sequences of IL-lra from at least four 
species have been determined (human, rat, mouse and 
rabbit) and found to be at least 75% homologous (Cominelli 
etal. (1994) J. Biol Chenu 269:6963), IL-lra can also be 
synthesized as a strictly intracellular form whose production 
is the result of an alternative splicing of exon 1 (Butcher et 
al. (1994) /. Immunol 153:701; Arend et al. (1993) Adv. 
Immunol 54:167). IL-IRa is released in vivo during experi- 
mentally-induced inflammation and as part of the natural 
course of many diseases. Administered experimentally, 
IL-IRa has been demonstrated to block IL-1 activity in vitro 
and in vivo. 

Tumor Necrosis Factors and Receptors Therefor 
[0008] Tumor necrosis factors (TNFs) are pleiotropic 
cytokines that are primary modifiers of the inflammatory and 
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immune reactions of animals produced in response to injury 
or infection. Two forms of TNF, designated TNF-a (or 
cachectin) and TNF-p (or lympho toxin), have been 
described These forms share 30% sequence similarity and 
compete for binding to the same receptors. TNFs play a 
necessary and beneficial role as mediators of host resistance 
to infections and tumor formation. Over production or 
inappropriate expression of these factors can lead to a 
variety of pathological conditions, including wasting, sys- 
temic toxicity, and septic shock (see, Beutler et al. (1988) 
Ann. Rev. Biochem.57.505; and Vilcek et al. (1991)7. Biol. 
Chan. 266:7313). 

[0009] The actions of TNFs are produced subsequent to 
binding of the factors to cell surface receptors. Two distinct 
TNF receptors have been identified and cloned. Virtually all 
cell types studied show the presence of one or both of these 
receptor types. One receptor type, termed TNFR-II (Type A, 
Type a, 75 kDa or utr antigen), has an apparent molecular 
weight of 75 kDa. The gene for this receptor encodes a 
presumptive transmembrane protein of 439 amino acid 
.residues (Dembic et al. (1990) Cytokine 2:231; Tartaglia 
etal. (1992) Immunol Today 13:151). The other receptor 
type, termed TNFR-I (Type B, Type p, 55 kDa or htr 
antigen) has an apparent molecular weight of about 55 kDa. 
The gene for this protein encodes a transmembrane protein 
of 426 amino acid residues (Schall et al. (1990)C<?// 61:361; 
Loetscher et al. (1990) Cell 61:351; Tartaglia etal. (1992) 
Immunol Today 13:151). Both receptor types show high 
affinity binding of either TNF-ct or TNF-62 . The two 
receptor types are immunologically distinct but their extra- 
cellular domains show similarities in the pattern of cysteine 
residue locations in four domains (Dembic et al. (1990) 
Cytokine 2:231). 

[0010] Soluble TNF binding proteins in human serum and 
urine (Seckinger et al. (1989) /. Biol Chem. 264:11966; 
Olsson et al. (1989) Eur. J. Haematol 42:270; and Engel- 
mann et al. (1990) J. Biol Chem. 265:1541) that can 
neutralize the biological activities of TNF-a and TNF-P 
have been identified. Two types have been identified and 
designated sTNF RI (or TNF BPI) and sTNF Rlh (or TNF 
BPII). These soluble forms are truncated forms of the two 
types of TNF receptors. The soluble receptor forms appar- 
ently arise as a result of shedding of the extracellular 
domains of the receptors, and concentrations of about 1-2 
ng/mL are found in the serum and urine of healthy subjects 
(Aderka et al. (1992)Lymphokine and Cytokine Res. 11:157; 
Chouaib et al. (1991) Immunol today 12:141). The levels of 
the soluble receptors vary from individual to individual but 
are stable over time for given individuals (Aderka et al. 
(1992) Lymphokine and Cytokine Res. 11:157). 

[0011] The physiological role of the soluble TNF receptors 
is not known. It is known that both types of soluble receptors 
can bind to TNF in vitro and inhibit its biological activity by 
competing with cell surface receptors for TNF binding. 

Hemorrhagic Virus Desease and Disorders 

[0012] A syndrome referred to as viral hemorrhagic fever 
is caused by one of several RNA viruses that include 
members of the viral families of Arenaviridae, Bunyaviri- 
dae, Filoviridae and Flaviviridae (see, e.g., Peters et al., 
Textbook of human virology (Belshe, ed.), Mosby Year 
Book, pp. 699-712 (1991)). Pronounced hemorrhage mani- 



festations are characteristic of these fevers as well as dis- 
seminated intravascular coagulation (DIC), generalized 
shock, and a high mortality rate (30%-90%) (Fisher-Hoch et 
al.,/. Infect. Dis., 1523:887^894 (1985); Fisher-Hoch, Rev. 
Med Virol, 3:7-13 (1993); Murphy et al., Virology (Fields 
and Knipe, eds.), Raven, N.Y., pp. 936-942 (1990)). Despite 
some understanding of the progress of these diseases and 
responses, there are few, if any, effective treatments. 

[0013] Due to the severity and breadth of viral hemor- 
rhagic diseases and other disorders associated with a del- 
eterious immune response, there is a great need for effective 
treatments of such diseases, disorders and conditions. There- 
fore, it is an object herein to provide treatments for such 
diseases and disorders. 

SUMMARY OF THE INVENTION 
[0014] Methods and compositions for treating disorders 
and diseases involving acute inflammatory responses are 
provided. The methods and composition provided herein are 
used to treat various types viral and infectious diseases and 
other diseases, conditions and disorders, including but are 
not limited to, viral hemorrhagic diseases and other acute 
infectious diseases, sepsis, cachexia, rheumatoid arthritis 
and other autoimmune disorders, acute cardiovascular 
events, chronic myelogenous leukemia and transplanted 
bone marrow-induced graft-versus-host disease, septic 
shock, immune complex-induced colitis, cerebrospinal fluid 
inflammation, autoimmune disorders, multiple sclerosis and 
other such disorders. Other disorders, conditions and dis- 
eases include, but are not limited to, trauma, such as 
polytrauma, bums, major surgery; systemic inflammatory 
response syndrome (SIRS); adult respiratory distress syn- 
drome (ARDS); acute liver failure; inflammatory bowel 
disease, Crohn's disease and other such disorders. 

[0015] In a particular embodiment, methods and compo- 
sitions for treating viral and other infectious diseases, par- 
ticularly bacterial sepsis and viral hemorrhagic diseases or 
disorders, particularly those viral hemorrhagic diseases or 
disorders caused by infection with a Bunyaviridaea, a Filov- 
iridae, a Flaviviridae, or an Arenaviridae virus, and other 
disorders, such as sepsis, particularly that associated with 
exposure to gram negative bacterial endotoxins, and shock, 
including that associated with trauma, and infections, such 
as parasitic infections, that are characterized by an immu- 
nologic response, particularly an acute inflammatory 
responses, involving cellular activation, including produc- 
tion of tumor necrosis factors, mterleukins, cbemokines and 
interferons are provided. 

[0016] Compositions for effecting such treatment are also 
provided. Tetracycline and tetracycline-like compounds and 
the blood-derived compositions for effecting such treatment 
are provided herein. It is shown herein that tetracycline 
compounds and tetracycline-like compounds as defined 
herein can be used for treatment of disorders involving acute 
inflammatory responses. The tetracycline and tetracycline- 
like compounds are used to treat the disorders and also to 
produce blood product compositions from donors for the 
treatment of the disorders. The blood product compositions 
and the tetracycline and tetracycline-like compounds can be 
used together or each can be used for treatment of these 
disorders. 

[0017] Also provided are methods of preparing blood or 
fractions thereof for use in preparing compositions for 
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treatment of acute inflammatory conditions, disorders and 
diseases, by treating the blood or fraction thereof in vitro or 
in vivo with a compound that is tetracycline or tetracycline- 
like compound. Hence methods for preparation of blood- 
derived compositions for treatment of diseases, conditions 
and disorders characterized by or involving an inflammatory 
immune response are provided. Methods for such produc- 
tion are provided. The compositions are produced either in 
vitro or in vivo or a combination thereof by contacting blood 
or blood fraction or product with a tetracycline and/or 
te tracy cline -like compound for a sufficient time to result in 
at least about a 3-fold increase in the level of a selected 
cytokine receptors, such as IL^l receptors and/or TNF 
receptors. Hence, the level of receptors, such as IL-1 recep- 
tors and/or soluble TNF receptors, in the blood or blood 
fraction or product is tested before and after contacting with 
the tetracycline or tetracycline-like compound. 

[0018] In particular, a method for producing a cytokine- 
receptor-enriched blood product by treating blood or a 
fraction thereof with a tetracycline or tetracycline-like com- 
pound; and harvesting, by methods described herein or 
known to those of skill in the art, fractions thereof, and 
selecting the cytokine-receptor enriched plasma, serum or 
other fraction. The resulting compositions are enriched for 
cytokine receptors compared to the blood prior to treatment. 
The receptors of interest include soluble tumor necrosis 
factor receptors and/or interleukin-IRA (IL-1RA) 

receptors. Contacting the blood or fraction thereof can be 
effected in vitro or in vivo. Hence a method for producing 
cytokine -receptor-enriched compositions by treating white 
blood cells in vitro with a tetracycline or tetracycline-like 
compound to induce receptor expression; and collecting 
extracellular medium is provided. 

[0019] The resulting compositions and use thereof for 
treatment of conditions, diseases and disorders associated 
with acute inflammatory responses are provided. 

[0020] Processes for producing compositions suitable for 
treating viral hemorrhagic diseases or disorders are pro- 
vided. These processes include some or all of the steps of: 
a) administering one or more tetracycline compounds to a 
mammal; b) collecting blood from the mammal; and c) 
recovering serum or plasma from the collected blood to 
thereby produce a composition for use in treating the dis- 
orders or diseases. Such compositions, which are preferably 
derived from the plasma, can be used to treat viral hemor- 
rhagic diseases or disorders, particularly those viral hemor- 
rhagic diseases or disorders caused by infection of a Bun- 
yaviridae, a Filoviridae, a Flaviviridae, or an Arenaviridae 
virus. These compositions also can be used to treat any 
disorder involving a cytotoxic response, including but not 
limited to sepsis and endotoxic shock. The plasma (or serum 
portion) may be further fractionated and fractions that 
possess the desired therapeutic activity (treatment of symp- 
toms associated with the viral infection, shock or other such 
disorder) identified empirically and formulated, if necessary, 
into compositions for treatment of the mammal. For humans, 
the plasma (or blood) is preferably derived from a human 
treated with a tetracycline compound. 

[0021] In particular, plasma or derivatives of the plasma 
produced by administering a tetracycline or tetracycline-like 
compound, and then isolating the fraction rich in released 
soluble factors, such as 11-1 receptors and TNF-1 receptors. 



The plasma fraction is for treating acute events, including 
the viral infections, and cardiovascular events. Hence com- 
positions containing these soluble receptors, immunoattenu- 
ating factors, are provided. These are produced by admin- 
istering a tetracycline compound or a tetracycline-like 
compound to induce the factors, harvesting the plasma, 
optionally enriching the plasma for these factors that sop up 
inflammatory factors. The resulting composition is admin- 
istered. 

[0022] Also provided are the resulting blood-derived com- 
positions, and methods of treatment of treating viral hem- 
orrhagic diseases or disorders and other diseases involving 
a cytotoxic response in which TNF or IL-1 or both or other 
cytokines or receptors therefor are elevated, by administer- 
ing the blood-derived compositions. 

[0023] Also provided are methods of treatment of these 
conditions, diseases and disorders (collectively referred to as 
conditions). The' compositions are administered to a mam- 
mal with a condition associated with or characterized by an 
acute inflammatory response. These compositions can be 
administered in combination with tetracycline and/or tetra- 
cycline-like compounds and also optionally in combination 
with other therapies for each disorder. The combination 
therapies may be administered simultaneously, consecu- 
tively, intermittently or in any desired or effective order. The 
may be repeated as needed. 

[0024] Hence in certain embodiments, tetracycline and 
tetracycline-like compounds other related compounds and 
the blood-derived compositions provided herein are used to 
treat various types viral and infectious diseases, particularly 
viral hemorrhagic diseases or disorders, particularly those 
viral hemorrhagic diseases or disorders caused by infection 
with a Bunyaviridae, a Filoviridae, a Flaviviridae, or an 
Arenaviridae virus, and other disorders, such as sepsis, 
particularly that associated with exposure to gram negative 
bacterial endotoxins, and shock, including that associated 
with trauma, and infections, such as parasitic infections, that 
are characterized by an immunologic response, particularly 
acute inflammatory responses, involving cellular activation, 
including production tumor necrosis factors, interleukins, 
chemokines and interferons. Hence the tetracycline and 
tetracycline-like compounds and the blood-derived compo- 
sitions provided herein are used to treat conditions and 
disorders, including but are not limited to, sepsis, cachexia, 
rheumatoid arthritis, chronic myelogenous leukemia and 
transplanted bone marrow-induced graft -versus-host dis- 
ease, septic shock, immune complex-induced colitis and 
cerebrospinal fluid inflammation. 

[0025] Encompassed within the methods are the uses of 
any tetracycline compound, or derivatives thereof, or a 
mixture thereof, and tetracycline-like compounds that can 
alleviate, reduce, ameliorate, or prevent viral hemorrhagic 
diseases or disorders and other acute inflammatory response; 
or place or maintain in a state of remission of clinical 
symptoms or diagnostic markers associated with such dis- 
eases or disorders. 

[0026] Of particular interest are methods of treatment for 
viral hemorrhagic diseases and disorders caused by infection 
with a Bunyaviridae, a Filoviridae, a Flaviviridae, or an 
Arenaviridae vims. The compounds and compositions pro- 
vided herein can be used alone or in combination with other 
treatments for hemorrhagic disorders. Viruses that cause 
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hemorrhagic diseases include, but are not limited to, Bun- 
yaviridae, a Filoviridae, a Flaviviridae, and Arenaviridae 
viruses. The Bunyaviridae viruses include, but are not lim- 
ited to, bunyavirus (Bunyamwera, Bwamba, California, 
Capim, Guama, phlebovirus koongol, patois, simbu and tete 
viruses), sandfly fever virus, Rift Valley fever virus of sheep 
and ruminants, Nairo virus, Crimean-Congo hemorrhagic 
fever virus, Uuku virus, Uukuniemi virus, Hantaan virus and 
Korean hemorrhagic fever virus. In particular, the Bun- 
yaviridae viruses include, Crimean-Congo hemorrhagic 
fever virus, Hantaan virus and Korean hemorrhagic fever 
virus. The Filoviridae viruses include, but are not limited to, 
ebola virus, such as the Zaire, Sudan, Reston and Ivory 
Coast subtypes, and Marburg viruses. Other Flaviviridae 
virus include flavi virus, Brazilian encephalitis virus, Bussu- 
quara virus, Dengue virus, iiheus virus, Israel turkey men- 
ingoencephalitis virus, Japanese B encephalitis virus, Kun- 
jin virus, Kyasacur forest disease virus, Langat virus, 
Louping ill virus, Modoc virus, Murray valley encephalitis 
virus, Ntaya virus, omsk hemorrhagic fever virus, powassan 
virus, St. Louis encephalitis virus, spondwnei virus, tick- 
borne encephalitis, Uganda S virus, US bat salivary gland 
virus, wesselsbron virus, West Nile fever virus, yellow fever 
virus, Zika virus, European tick-borne encephalitis, Far 
Eastern tick-borne encephalitis virus, Russian tick-borne 
encephalitis, and Dengue virus, including but are not limited 
to, Dengue type 1, Dengue type 2, Dengue type 3 and 
Dengue type 4 virus. The Arenaviridae viruses include, but 
are not limited to, Junin virus, Lassa virus such as the Josiah 
strain or Nigerian strain, Machupo virus, Pichinde virus, 
lymphocytic choriomeningitis virus, Lassa fever virus and 
arenavirus. 

[0027] Provided herein are combinations, preferably in the 
form of pharmaceutical compositions, including one or more 
tetracycline compound(s) and one or more anti-hemorrhagic 
virus treatments. The combinations are typically pharma- 
ceutical compositions that include a tetracycline compound 
formulated for single dosage administration, and an agent, 
other than a tetracycline compound, that is an anti-hemor- 
rhagic viral agent, such as a vaccine, antibody or other 
pharmaceutical. The compound and agent can be adminis- 
tered separately, such as sequentially, or can be administered 
intermittently, or together as two separate compositions or as 
a mixture in a single composition. The dosage of each can 
be empirically determined, but is generally the dosage of a 
agent normally used to treat the hemorrhagic viral infection, 
and an amount of a tetracycline compound sufficient to 
further enhance treatment, or sufficient when used alone to 
reduce or ameliorate or in some manner reduce symptoms. 
The combinations can be packaged as kits. 

[0028] In a preferred embodiment, the combination con- 
tains a single composition containing the tetracycline com- 
pound and anti-hemorrhagic virus agent formulated for oral 
delivery or two compositions, one containing a tetracycline 
compound and the other an anti-viral-hemorrhagic agent, 
where each is in a pharmaceutically acceptable carrier or 
excipient in tablet, capsule, or other single unit dosage form. 
Alternatively, the two components can be mixed in a single 
composition. In other embodiments, the compositions are 
formulated for rectal, topical, inhalation, buccal (e.g., sub- 
lingual), parenteral (e.g., subcutaneous, intramuscular, intra- 
dermal, or intravenous including bolus injection) and trans- 
dermal administration. Specific therapeutic regimens, 
pharmaceutical compositions, and kits are also provided. 



[0029] Also provided is a method for treating viral hem- 
orrhagic diseases or disorders in mammals, including 
humans, particularly those viral hemorrhagic diseases or 
disorders caused by infection of any virus causing such 
disease or disorder, including but not limited to a Bunyaviri- 
dae, a Filoviridae, a Flaviviridae, or an Arenaviridae virus, 
by administrating a therapeutically effective and non-lethal 
amount of one or more tetracycline oompound(s). 

[0030] Tetracycline compounds include, but are not lim- 
ited to chlortetracycline, demeclocycline, doxycycline, 
methacycline, minocycline, oxytetracycline and tetracy- 
cline. Tetracycline -like compounds are those that share the 
property of altering folic acid metabolism in bacteria. Such 
compounds include thalidomide and sulfa drugs. 

[0031] Anti-hemorrhagic virus treatments include treat- 
ment protocols and agents that are used to treat hemorrhagic 
viral diseases or ameliorate the symptoms thereof. Such 
agents include, but are not limited to agents that inhibit 
interleukin-1 (IL-1) and agents that inhibit TNF. Other 
anti-hemorrhagic viral agents, include, but are not limited to, 
anti-viral vaccines, anti-viral antibodies, a viral-activated 
immune cells, such as activated cytotoxic cells, and viral- 
activated immune serum. 

[0032] Agents that inhibit IL-1, include, but are not lim- 
ited to, an ti -IL-1 antibodies, anti-EL-l receptor antibodies, 
IL-1 receptor antagonists, an IL-1 production inhibitors, 
IL-1 receptor production inhibitors, and IL-1 releasing 
inhibitors. 

[0033] IL-1 receptor antagonists include, but are not lim- 
ited to, the IL-1 receptor antagonist (IL-IRa), IL-1 receptor 
intracellular ligand protein, a Type II IL-1 receptor, a soluble 
IL-1 receptor, a non-biologically active (i.e., non-functional) 
mutein of IL-1 that binds to IL-receptors, a non-functional 
mutein of IL-1 receptor and small molecule antagonists, 
such, as histamine antagonist, a aryl-or heteroaryl-l-alkyl- 
pyrrole-2-carboxylic acid compound and a 5-lipoxygenase 
pathway inhibitor. 

[0034] IL-1 production inhibitors include antisense oligo- 
nucleotides, 5-hydroxy- and 5-methoxy-2-amino-pyrim- 
idines, a 3-substituted-2-oxmdole-l-carboxamide, a 4,5-dia- 
ryl-2(subsututed)imidazole and a 2-2'-[l,3-propan-2- 
onediyl-bis(thio)]bis-l-H-iimdazole. IL-1 releasing 
inhibitors include IL-1 converting enzyme inhibitors, such 
as, but are not limited to, a peptide based interleukin-1 beta 
converting enzyme inhibitor, a pyridazinodiazepine, SDZ 
224-015, an aspartate -based inhibitor, an aspartyl alpha-{(l- 
phenyl-3-(trifluoromethyl)-pyrazol-5-yl)oxy)methyl ketone, 
L-741,494, TX, CPP-32 and CMH-1. 

[0035] Agents that inhibit TNF include, but are not limited 
to, anti-TNF antibody (polyclonal or monoclonal), an anti- 
TNF receptor antibody (polyclonal or monoclonal), a TNF 
receptor antagonist, a TNF production inhibitor, a TNF 
receptor production inhibitor and a TNF releasing inhibitor. 
Anti-TNF monoclonal antibodies, include, but are not lim- 
ited to, Mabp55r, Mabp75r, 3B10, h3B10-9, MAK 195F, 
CA2 and CDP571. Other TNF receptor antagonists include, 
but are not limited to, soluble TNF receptor, a non-func- 
tional mutein that binds to the TNF receptor, but does not 
exhibit TNF biological activity, a non-functional mutein of 
TNF and small molecule antagonists, such as but are not 
limited to, a mercapto alkyl peptidyl compound, an arylsul- 
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fonyl bydroxamic acid derivative, a salt of an alkaline-earth 
metal, a pentoxifylline, a bydroxamic acid compound, a 
retinoic acid, a histamine antagonist, a leflunomide, a 
l-Alkoxy-2-(alkoxy- or cycloaIkoxy-)-4-(cyclothioalkyl- or 
cyclothio-alkenyl-)benzene, a vinigrol, a cyclohexene- 
ylidene derivative, a quinazoline compound and BN 50739. 
Other TNF receptor antagonists include, but are not limited 
to, TNF receptor death domain ligand protein, a tumor 
necrosis factor binding protein (TNF-BP), a TNF receptor- 
IgG heavy chain chimeric protein, a bacterial lipopolysac- 
charide binding peptide derived from CAP37 protein and a 
Myxoma virus T2 protein. TNF production inhibitors, 
include antisense oligonucleotides, quinoline-3-carboxam- 
ide compounds and derivatives of 2-pyrrolidinone. TNF 
releasing inhibitors include isoxazoline compounds and cat- 
echol diether compounds, 

[0036] Methods herein are for stimulating release of the 
receptors such as, but not limited to, TNF-ct, IL-1 receptors 
and other soluble factors that down-regulate excessive 
T-helper 1 (TH1) response, that is stimulated by tetracycline 
administration. The receptors are those that bind to and/or 
inhibit inflammatory factors that are released in various 
inflammatory conditions, viral infections, bacterial infec- 
tions, and conditions associate with fungal and parastitic 
infections, inflammatory responses, such as asthma, sepsis, 
rheumatoids, atherosclerosis, inflammatory responses asso- 
ciated with injury, and cardiovascular events and events 
related to cell activation, i.e., acute events brought on by 
excessive release of inflammatory factors. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] Particular compositions, combinations, kits and 
methods are described in the sections and subsections as 
follows: 

[0038] A. Definitions 

[0039] B. Combinations and Kits and Compositions for 
Treatment of Acute Inflammatory Responses 

[0040] 1. Tetracycline- like compounds 

[0041] 2. Tetracycline compounds 

[0042] a. Anti-inflammatory activity of tetracy- 
clines 

[0043] b. Exemplary tetracycline compounds 
[0044] (1) Chlortetracycline 
[0045] (2) Demeclocycline 
[0046] (3) Doxycycline 
[0047] (4) Methacycline 
[0048] (5) Minocycline 
[0049] (6) Oxytetracycline 
[0050] (7) Tetracycline 

[0051] (8) Other Chemically-Modified Tetracy- 
clines 

[0052] C. Hemorrhagic Viruses and the Immune Response 

[0053] D. Parmaceutical Compositions, Formulation and 
Modes of Administration thereof 



[0054] 1. Anti-viral-hemorrhagic agents 

[0055] a. lnterleukin-1 (D-l) inhibitors 

[0056] b. Tumor necrosis factor (TNF) inhibitors 

[0057] c. Anti-viral vaccine, antibody and virally- 
activated immune cells and serum 

[0058] (1) Anti-viral vaccine 

[0059] (a) Anti-Bunyaviridae Vaccine 
[0060] (b) Anti-Filoviridae Vaccine 
[0061] (c) Anti-Flaviviridae Vaccine 
[0062] (d) Anti-Arenaviridae Vaccine 

[0063] (2) Anti-viral antibodies 

[0064] (a) Anti-Bunyaviridae Antibody 

[0065] (b) Anti-Filoviridae Antibody 

[0066] (c) Anu-Flaviviridae Antibody 

[0067] (d) Anti-Arenaviridae Antibody 

[0068] (3) Viral-activated immune cell and 
serum 

[0069] (4) Small molecule anti-viral agents 

[0070] 2. Formulation and routes of administration 

[0071] E. Blood-derived Compostions and Methods of 
Treatment 

[0072] 1. Blood-derived compositions and processes 
for producing compositions for treating diseases and 
. disorders characterized by or associated with acute 
inflammatory responses 

[0073] a. Preparation of Serum and Plasma 

[0074] b. Further Fractionation of Plasma 

[0075] (1) Preparation of Albumin- Containing 
Fraction 

[0076] (2) Preparaton of Globulin- Containing 
Fraction 

[0077] (3) Preparation of AHF-Containing Frac- 
tion 

[0078] (4) Preparation of Fraction Containing 
Soluble EL-1 Receptor or Soluble TNF Recep- 
tor 

[0079] C. Methods of treatment using the resulting 
blood-derived compositions 

[0080] F. Viral hemorrhagic Disease or Disorder and Diag- 
nosis Thereof 

[0081] 1. Bunyaviridae Virus Infection 

[0082] 2. Filoviridae Virus Infection 

[0083] 3. Flaviviridae Virus Infection 

[0084] 4. Arenaviridae Virus Infection 
[0085] G. Examples 
[0086] A. Definitions 

[0087] Unless defined otherwise, all technical and scien- 
tific terms used herein have the same meaning as is com- 
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mooly understood by one of skill in the art to which this 
invention belongs. Where permitted, all patents, applica- 
tions, published applications and other publications and 
sequences from GenBank and other data bases referred to 
throughout the disclosure herein are incorporated by refer- 
ence in their entirety. 

[0088] As used herein, "tetracycline compound*' refers to 
any compound having the activity of a tetracycline, pro- 
drugs, salts, esters or other derivatives of tetracycline, pref- 
erably in a pharmaceutical^ acceptable form, known to 
those of skill in the art. 

[0089] Tetracycline, which is well known to those of skill 
in the art, has the structure: 



oh o oh o o 




[0090] It is intended herein for the the term "tetracycline" 
to encompass all pharmaceutical^ active species of tetra- 
cycline compounds, solutions thereof and mixtures thereof, 
prodrugs thereof and any drug recognized as a tetracycline. 
Tetracycline includes forms, such as hydrated forms, and 
compositions such as aqueous solutions, hydrolyzed prod- 
ucts or ionized products of these compounds; and these 
compounds may contain different numbers of attached water 
molecules. Thus, as used herein, the term tetracycline com- 
pound encompasses all derivatives and analogs and modified 
forms thereof, including but not limited to, those set forth 
herein. Tetracycline and tetracycline -like compounds 
include, but are not limited to aspirin, aureomycio, apicy- 
cline, chlortetracycline, clomocycline, demeclocyline, gua- 
mecycline, lymecycline, meclocycline, methacycline, 
minocycline, oxytetracyclme, peiumepicycline, pipacycline, 
rolitetracycline, sancycline, and senociclin, as well as any 
others falling within the above formula. Also included 
among tetracycline-like compounds are compounds that 
alter bacterial folic acid metabolism, such as sulfa drugs, 
including sulfonamides, and thalidomide. Such compounds 
can be identified by their ability to alter bacterial folic acid 
metabolism. 

[0091] As used herein, tetracycline-like compounds, such 
as aureomycin, sulfa drugs and thalidomide, refer to com- 
pounds that have the activity of tetracycline in the methods 
herein. Such compounds can be identified by their ability to 
alter folic acid metabolism in bacterial species, particularly 
those in which tetracycline alters folic acid metabolism. 

[0092] As shown herein, a tetracycline and tetracycline- 
like compound herein is a compound that stimulates release 
of soluble factors in the blood that attenuate inflammatory 
responses. 

[0093] Any tetracycline compound(s), when used alone or 
in combination with other compounds, that can alleviate, 
reduce, ameliorate, prevent, or place or maintain in a state of 
remission of clinical symptoms or diagnostic markers asso- 



ciated with viral hemorrhagic diseases or disorders, particu- 
larly those viral hemorrhagic diseases or disorders caused by 
infection of a Bunyaviridae, a Filoviridae, a Flaviviridae, or 
an Arenaviridae virus, are intended for use in the methods, 
compositions and combinations provided herein. 

[0094] As used herein, an anti-hemorrhagic virus treat- 
ment refers to any treatment designed to treat hemorrhagic 
viral infections by lessening or ameliorating the symptoms. 
Treatments that prevent the infection or lessen its severity 
are also contemplated. An anti-hemorrhagic virus agent 
(used interchangeable with "anti-viral-hcmorrhagic agent") 
refers to any agents used in the treatment. These include any 
agents, when used alone or in combination with other 
compounds, that can alleviate, reduce, ameliorate, prevent, 
or place or maintain in a state of remission of clinical 
symptoms or diagnostic markers associated with viral hem- 
orrhagic diseases or disorders, particularly those viral hem- 
orrhagic diseases or disorders caused by infection of a 
Bunyaviridae, a Filoviridae, a Flaviviridae, or an Arenaviri- 
dae virus, can be used in methods, combinations and com- 
positions provided herein. Non-limiting examples of anti- 
viral-hemorrhagic agents include interleukin-1 (IL-1) 
inhibitors, tumor necrosis factor (TNF) inhibitors, anti-viral 
vaccines, anti-viral antibodies, viral-activated immune cells 
and viral-activated immune sera. 

[0095] As used herein, anti-hemorrhagic virus agent (anti- 
viral-hemorrhagic agent) or anti-hemorrhagic virus treat- 
ment does not encompass "tetracycline compound" or use 
thereof for treatment, but encompasses all agents and treat- 
ment modalities known to those of skill in the art to 
ameliorate the symptoms of a hemorrhagic viral infection. 

[0096] As used herein, a cytokine is a factor, such as 
lymphokine or monokine, that is produced by cells that 
affect the same or other cells. A "cytokine" is one of the 
group of molecules involved in signaling between cells 
during immune responses. Cytokines are proteins or pep- 
tides; and some are glycoproteins. 

[0097] As used herein, "interleukin (IL)" refers to a large 
group of cytokines produced mainly by T cells, although 
some are also produced by mononuclear phagocytes, or by 
tissue cells. They have a variety of functions, but most of 
them are involved in directing other cells to divide and 
differentiate. Each interleukin acts on specific, limited 
groups of cells which express the correct receptors for that 
cytokine. 

[0098] As used herein, "interleukin-1 (IL-1)" refers to 
interleukins made by certain antigen presenting cells (APCs) 
that, along with IL-6, act as co-stimulatory signals for T cell 
activation. The IL-1 gene family includes IL-1 a, IL-lp and 
IL-1 receptor antagonist (IL-IRa) (Dinarello, Eur. Cytokine 
Netw., 5(6):517-522 (1994)). Each member is first synthe- 
sized as a precursor protein; the precursors for IL-1 (prolix 
la and proIL-lp) have molecular weights of about 31,000 
Da. The prolL-la and mature 17,000 Da IL-la are biologi- 
cally active whereas the proIL-lp requires cleavage to a 
17,000 Da peptide for optimal biological activity. The IL- 
IRa precursor has a leader sequence and is cleaved to its 
mature form and secreted like most proteins. IL-la and 
IL-lp are potent agonists where IL-IRa is a specific receptor 
antagonist. Moreover, IL-IRa appears to be a pure receptor 
antagonist with no agonist activity in vitro or in vivo. 
Although IL-IRa is a secreted protein, there is another form 
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of this molecule which is retained inside cells. It is called 
"intracellular" (ic) IL-IRa. IcIL-IRa results from alternate 
mRNA splice insertion of the IL-IRa gene replacing the 
exon coding for the signal peptide. The forms of IL-IRa are 
functionally indistinguishable. 

[0099] Thus, reference, for example, to "IL-1" encom- 
passes all proteins encoded by the IL-1 gene family includ- 
ing IL-1 a, IL-lp, IL-IRa and icIL-IRa, or an equivalent 
molecule obtained from any other source or that has been 
prepared synthetically. It is intended to encompass IL-1 with 
conservative amino acid substitutions that do not substan- 
tially alter its activity. Suitable conservative substitutions of 
amino acids are known to those of skill in this art and may 
be made generally without altering the biological activity of 
the resulting molecule. Those of skill in this art recognize 
that, in general, single amino acid substitutions in non- 
essential regions of a polypeptide do not substantially alter 
biological activity (see, e.g., Watson et al. Molecular Biol- 
ogy of the Gene, 4th Edition, 1987, The Bejacmin/Cum- 
mings Pub. co., p.224). 

[0100] Such substitutions are preferably made in accor- 
dance with those set forth in TABLE 1 as follows: 

TABLE 1 



Original residue Conservative substitution 



Ala (A) 


Gly, Ser 


Arg(R) 


Lys 


Asn(N) 


Gin; His 


Cys(C) 


Ser 


Gin (Q) 


Asa 


Glu (E) 


Asp 


(Hy(G) 


Ala; Pro 


tEs (H) 


Abu; Gin 


nc(i) 


Leu; Vd 


Leu (L) 


He; Vd 


Lys(K) 


Arg; Gin; Glu 


Met (M) 


Leu;Tyr, lie 


Phe(F) 


Met; Leu; Tyi 


Ser (S) 


Thr 


Thr(T) 


Ser 


Trp(W) 


Tyr 


iyr(Y) 


TVp; Phe 


\W(V) 


He; Leu 



[0101] Other substitutions are also permissible and may be 
determined empirically or in accord with known conserva- 
tive substitutions. 

[0102] As used herein, the amino acids, which occur in the 
various amino acid sequences appearing herein, are identi- 
fied according to their well-known, three-letter or one-letter 
abbreviations. The nucleotides, which occur in the various 
DNA fragments, are designated with the standard single- 
letter designations used routinely in the art. 

[0103] As used herein, "IL-1 inhibitor" encompasses any 
substances that prevent or decrease production, post-trans- 
lational modifications), maturation, or release of IL-1, or 
any substances that interfere with or decrease the efficacy of 
the interaction between IL-1 (see, e.g., SEQ ID Nos. 1 and 
2) and IL-1 receptor (see, e.g., SEQ ID Nos. 3 and 4). 
Preferably, the IL-1 inhibitor is an anti-IH antibody, an 
anti-IL-1 receptor antibody, an IL-1 receptor antagonist, an 
II^l production inhibitor, an IL-1 receptor production 
inhibitor and an IL-1 releasing inhibitor. 



[0104] As used herein, the terms "a therapeutic agent", 
"therapeutic regimen", "radioprotectant", "chemotherapeu- 
tic" mean conventional drugs and drug therapies, including 
vaccines, which are known to those skilled in the art. 
"Radiotherapeutic" agents are well known in the art. 

[0105] As used herein, "interleukin-1 converting enzyme 
(ICE)" refers to a protease that processes the IL-lp precursor 
(pIUP) to the mature ILrl0 (mIL-ip) (U.S. Pat. No. 
5,552,536). ICE generates fully active mlL-li by cleaving 
pIL-ip between Asp 116 and Ala 117 , a unique site for phero- 
mone processing. The sequence around this cleavage site, 
-Tyr-Mil-His-Asp-Ala-, is evolutionarily conserved in all 
known pIL-ip polypeptides. Active human ICE is a het- 
erodimer with a 1:1 stoichiometric complex of p20 and plO 
subunits. Cloned cDNA have revealed that ICE is constitu- 
tively expressed as a 45 kDa proenzyme (p45) composed of 
a 14 kDa prodomain, followed by p20 which contains the 
active site CyS^, a 19 residue connecting peptide that is 
not present in the mature enzyme, and plO, a required 
component of the active enzyme. The mature subunits are 
flanked by Asp-X sequences. Mutational analysis of these 
sites and expression in heterologous systems indicates that 
the generation of active enzyme is autocatalytic. Murine and 
rat ICE have also been cloned and show a high degree of 
sequence similarity including these structural motifs. 

[0106] As used herein, "tumor necrosis factor (TNF)" 
refers to a group of proinflammatory cytokines encoded 
within the major histocompatibility complex (MHC). TNF 
family members include TNFa (also known as cachectin) 
and TNFp (also known as lymphotoxin). Complementary 
cDNA clones encoding TNFa (Pennica et al., Nature, 
312:724 (1984)) and TNFp (Gray et al., Nature, 312:721 
(1984)) have been isolated. Therefore, reference, for 
example, to "TNF" encompasses all proteins encoded by the 
TNF gene family including TNFa and TNFp, or an equiva- 
lent molecule obtained from any other source or that has 
been prepared synthetically. It is intended to encompass 
TNF with conservative amino acid substitutions that do not 
substantially alter its activity. 

[0107] As used herein, "TNF inhibitor" encompasses any 
substances that prevent or decrease production, post-trans- 
lational modifications), maturation, or release of TNF, or 
any substances that interfere with or decrease the efficacy of 
the interaction between TNF (see, e.g., SEQ ID Nos. 14 and 
15) and TNF receptor (see, SEQ ID Nos. 16 and 17). 
Preferably, the TNF inhibitor is an anti-TNF antibody, an 
anti-TNF receptor antibody, a TNF receptor antagonist, a 
TNF production inhibitor, a TNF receptor production inhibi- 
tor and a TNF releasing inhibitor. 

[0108] Native TNF receptors are characterized by distinct 
extracellular, transmembrane and intracellular domains. 
Two distinct TNF receptors of about 55 kd ("TNF-R1") and 
about 75 kDa ("TNF-R2") have been identified. Numerous 
studies have demonstrated that TNF-R1 is the receptor 
which signals the majority of the pleiotropic activities of 
TNF. The domain required for signaling cytotoxicity and 
other TNF-mediated responses has been mapped to the 
about 80 amino acids near the C- terminus of TNF-R1. This 
domain is therefore termed the "death domain" ("TNF-R 
death domain" and "TNF-R1-DD") (see, U.S. Pat. No. 
5,852,173; and Tartaglia et al., Cell, 74:845-853 (1993)). 

[0109] As used herein, "antisense polynucleotides" refer 
to synthetic sequences of nucleotide bases complementary to 
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mRNA or the sense strand of double stranded DNA. A 
mixture of sense and antisense polynucleotides under appro- 
priate conditions leads to the binding of the two molecules, 
or hybridization. When these polynucleotides bind to 
(hybridize with) mRNA, inhibition of protein synthesis 
(translation) occurs. When these polynucleotides bind to 
double stranded DNA, inhibition of RNA synthesis (tran- 
scription) occurs. The resulting inhibition of translation 
and/or transcription leads to an inhibition of the synthesis of 
the protein encoded by the sense strand. 

[0U0] As used herein, an antisense oligonucleotide that 
contains a sufficient number of nucleotides to inhibit trans- 
lation of an mRNA, such as an interleukin-1 (IL-1), such as 
IUct, or TNR An antisense oligonucleotide refers to any 
oligomer that prevents production or expression of, for 
example, IL-1 polypeptide. The size of such an oligomer can 
be any length that is effective for this purpose. In general, the 
antisense oligomer is prepared in accordance with the nucle- 
otide sequence of a portion of the transcript of interest (i.e., 
IL-1 and TNF) that includes the translation initiation codon 
and contains a sufficient number of complementary nucle- 
otides to block translation. 

[0111] As used herein, "vaccine" refers to any composi- 
tion for active immunological prophylaxis. A vaccine may 
be used therapeutically to treat a disease, or to prevent 
development of a disease or to decrease the severity of a 
disease either proactively or after infection. Non-limiting 
examples of vaccines include, but are not limited to, prepa- 
rations of killed microbes of virulent strains or living 
microbes of attenuated (variant or mutant) strains, or micro- 
bial, fungal, plant, protozoa, or metazoa derivatives or 
products. "Vaccine" also encompasses protein/peptide and 
nucleotide based vaccines. 

[0112] As used herein, "cytotoxic cells'* refers to cells that 
kill virally infected targets expressing antigenic peptides 
presented by MHC class I molecules. 

[0113] As used herein, "treating hemorrhagic viral dis- 
eases or disorders" means that the diseases and the symp- 
toms associated with the hemorrhagic viral diseases or 
disorders are alleviated, reduced, ameliorated, prevented, 
placed in a state of remission, or maintained in a state of 
remission. Additionally, as used herein, "a method for treat- 
ing hemorrhagic viral diseases or disorders" means that the 
hallmarks of hemorrhagic viral diseases or disorders are 
eliminated, reduced or prevented by the treatment Non- 
limiting examples of the hallmarks of the viral hemorrhagic 
diseases or disorders include disseminated intravascular 
coagulation (DIQ, generalized shock, and the highest mor- 
tality rate (30%-90%). 

[0114] As used herein, a blood-derived composition (or 
immune composition) refers to the composition produced 
from the blood of mammals treated with a tetracycline 
and/or tetracycline -like compound. It also refers to the 
compositions produced by in vitro treatment of blood or a 
blood fraction with a tetracycline or tetracycline-like com- 
pound. These blood-derived compositions are for treating, 
not only the hemorrhagic disorders, but also for alleviating 
any disorder involving a deleterious immune response, such 
as septic shock and endotoxic shock. 

[0115] The immune response to certain infectious agents, 
such as viruses, parasites and bacteria, and in certain dis- 



eases and conditions, activate cells and products thereof that 
have deleterious consequences. For example, LPS 
(lipopoly saccharide) binds to immunoglobin M and this 
complex activates the complement system with the release 
of C3b, which material in turn activates the polymorpho- 
nuclear leukocytes (PMN), monocytes, neutrophils, mac- 
rophage and endothelial cells. The activation of these sub- 
stances stimulates the release of several mediators of septic 
shock including tumor necrosis factor (TNF-a) interleukin-1 
(IL-1) and other interleukins including IL-6 and IL-8, plate- 
let-activating factor (PAF), prostaglandins and leukotrienes 
(see, e.g., (1991) Ann. Intern. Med. 115: 464-466 for a more 
comprehensive listing). Of these, the two cytokines TNF-a 
and IL-1 lead to many of the physiologic changes which 
eventuate into septic shock. 

[0116] As used herein, an acute inflammatory disease, 
condition or disorder, refers to any condition, disease or 
disorder in which a deleterious elevation of cytokines and 
other inflammatory mediators occurs. For purposes herein, 
disease, condition and disorder refer to the manifestation of 
such elevation. In general a disease is caused by an infec- 
tious agent, a disorder refers to a disease that does not have 
a known infectious agent as a cause and a condition is used 
to capture all such symptoms and characteristics associated 
with acute inflammatory responses. They are referred to 
herein in the alternative to ensure that all are encompassed. 

[0117] As used herein, "serum" refers to the fluid portion 
of the blood obtained after removal of the fibrin clot and 
blood cells, distinguished from the plasma in circulating 
blood. 

[0118] As used herein, "plasma" refers to the fluid, non- 
cellular portion of the blood, distinguished from the serum 
obtained after coagulation. 

[0119] As used herein, "albumin" refers to a type of 
protein, varieties of which are widely distributed throughout 
the tissues and fluids of plants and animals, especially 
animal blood. Albumin are soluble in pure water, preci pi- 
table from solution by strong acids and coagulable by heat 
in acid or neutral solution. 

[0120] As used herein, "globulin" refers to a family of 
proteins precipitated from plasma (or serum) by half-satu- 
ration with ammonium sulfate. Globulin may be further 
fractionated by solubility, electrophoresis, ultracentrifuga- 
tion, and other separation methods into many subgroups, the 
main groups being a-, 0-, and y-globulins. 

[0121] As used herein, "antihemophilic factor (AHF)" 
refers the fraction of blood that contains Factor VIII and/or 
von Willebrand's factor, which are important in the blood 
clotting mechanism (see, e.g., U.S. PaL No. 4,435,318). 
Factor VIII serves as a co-factor along with calcium and 
phospholipid to enable Factor IX a to cleave zymogen Factor 
X to thus activate Factor X, all being a part of the complex 
coagulation cascade system. Von Willebrand's factor (vWF) 
apparently acts in the aggregation of platelets which provide 
the necessary phospholipid. The absence of either of these 
factors may result in prolonged bleeding times. Factor V also 
serves an important role in the coagulation system by aiding 
activated Factor X in the cleavage of prothrombin to throm- 
bin. (The Plasma Proteins, Vol. Ill, 2nd Ed., Structure, 
Function, Genetic Control (1977) (Academic Press, Inc., 
N.Y.) p. 422-544.) 



} 
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[0122] As used herein, an effective amount of a compound 
for treating a particular disease is an amount that is sufficient 
to ameliorate, or in some manner reduce the symptoms 
associated with the disease. Such amount may be adminis- 
tered as a single dosage or may be administered according 
to a regimen, whereby it is effective. The amount may cure 
the disease but, typically, is administered in order to ame- 
liorate the symptoms of the disease. Repeated administration 
may be required to achieve the desired amelioration of 
symptoms. 

[0123] As used herein, pharmaceutical^ acceptable salts, 
esters or other derivatives of the conjugates include any 
salts, esters or derivatives that may be readily prepared by 
those of skill in this art using known methods for such 
derealization and that produce compounds that may be 
administered to animals or humans without substantial toxic 
effects and that either are pharmaceuticaUy active or are 
prodrugs. 

[0124] As used herein, treatment means any manner in 
which the symptoms of a condition, disorder or disease are 
ameliorated or otherwise beneficially altered. Treatment also 
encompasses any pharmaceutical use of the compositions 
herein. 

[0125] As used herein, amelioration of the symptoms of a 
particular disorder by administration of a particular phar- 
maceutical composition refers to any lessening, whether 
permanent or temporary, lasting or transient that can be 
attributed to or associated with administration of the com- 
position. 

[0126] As used herein, substantially pure means suffi- 
ciently homogeneous to appear free of readily detectable 
impurities as determined by standard methods of analysis, 
such as thin layer chromatography (TLQ, gel electrophore- 
sis and high performance liquid chromatography (HPIX), 
used by those of skill in the art to assess such purity, or 
sufficiently pure such that further purification would not 
detectably alter the physical and chemical properties, such as 
enzymatic and biological activities, of the substance. Meth- 
ods for purification of the compounds to produce substan- 
tially chemically pure compounds are known to those of 
skill in the art. A substantially chemically pure compound 
may, however, be a mixture of stereoisomers or isomers. In 
such instances, further purification might increase the spe- 
cific activity of the compound 

[0127] As used herein, a prodrug is a compound that, upon 
in vivo administration, is metabolized or otherwise con- 
verted to the biologically, pharmaceuticaUy or therapeuti- 
cally active form of the compound. To produce a prodrug, 
the pharmaceuticaUy active compound is modified such that 
the active compound will be regenerated by metabolic 
processes. The prodrug may be designed to alter the meta- 
bolic stability or the transport characteristics of a drug, to 
mask side effects or toxicity, to improve the flavor of a drug 
or to alter other characteristics or properties of a drug. By 
virtue of knowledge of pharmacodynamic processes and 
drug metabolism in vivo, those of skill in this art, once a 
pharmaceuticaUy active compound is known, can design 
prodrugs of the compound (see, e.g., Nogrady (1985) 
Medicinal Chemistry A Biochemical Approach, Oxford Uni- 
versity Press, New York, pages 388-392). 

[0128] As used herein, biological activity refers to the in 
vivo activities of a compound or physiological responses 



that result upon in vivo administration of a compound, 
composition or other mixture. Biological activity, thus, 
encompasses therapeutic effects and pharmaceutical activity 
of such compounds, compositions and mixtures. Biological 
activities may be observed in in vitro systems designed to 
test or use such activities. Thus, for purposes herein, the 
biological activity of a hiciferase is its oxygenase activity 
whereby, upon oxidation of a substrate, light is produced. 

[0129] As used herein, a receptor refers to a molecule that 
has an affinity for a given ligand. Receptors may be natu- 
raUy-occurring or synthetic molecules. Receptors may also 
be referred to in the art as anti-ligands. As used herein, the 
receptor and anti-ligand are interchangeable. Receptors can 
be used in their unaltered state or as aggregates with other 
species. Receptors may be attached, covalently or nonco- 
valently, or in physical contact with, to a binding member, 
either directly or indirectly via a specific binding substance 
or linker. Examples of receptors, include, but are not limited 
to: antibodies, cell membrane receptors surface receptors 
and internalizing receptors, monoclonal antibodies and anti- 
sera reactive with specific antigenic determinants [such as 
on viruses, cells, or other materials], drugs, polynucleotides, 
nucleic acids, peptides, co factors, lectins, sugars, polysac- 
charides, cells, cellular membranes, and organelles. 

[0130] Examples of receptors and applications using such 
receptors, include but are not restricted to: 

[0131] a) enzymes: specific transport proteins or 
enzymes essential to survival of microorganisms, 
which could serve as targets for antibiotic [ligand] 
selection; 

[0132] b) antibodies: identification of a ligand-b Hid- 
ing site on the antibody molecule that combines with 
the epitope of an antigen of interest may be inves- 
tigated; determination of a sequence that mimics an 
antigenic epitope may lead to the development of 
vaccines of which the immunogen is based on one or 
more of such sequences or lead to the development 
of related diagnostic agents or compounds useful in 
therapeutic treatments such as for auto-immune dis- 
eases 

[0133] c) nucleic acids: identification of ligand, such 
as protein or RNA, binding sites; 

[0134] d) catalytic polypeptides: polymers, prefer- 
ably polypeptides, that are capable of promoting a 
chemical reaction involving the conversion of one or 
more reactants to one or more products; such 
polypeptides generally include a binding site specific 
for at least one reactant or reaction intermediate and 
an active functionality proximate to the binding site, 
in which the functionality is capable of chemically 
modifying the bound reactant [see, eg., U.S. Pat. No. 
5,215,8991 

[0135] e) hormone receptors: determination of the 
ligands that bind with high affinity to a receptor is 
useful in the development of hormone replacement 
therapies; for example, identification of ligands that 
bind to such receptors may lead to the development 
of drugs to control blood pressure; and 

[0136] f) opiate receptors: determination of ligands 
that bind to the opiate receptors in the brain is useful 
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in the development of less-addictive replacements 
for morphine and related drugs. 

[0137] As used herein, antibody includes antibody frag- 
ments, such as Fab fragments, which are composed of a light 
chain and the variable region of a heavy chain. 

[0138] As used herein, humanized antibodies refer to 
antibodies that are modified to include "human" sequences 
of amino acids so that administration to a human will not 
provoke an immune response. Methods for preparation of 
such antibodies are known. For example, the hybridoma that 
expresses the monoclonal antibody is altered by recombi- 
nant DNA techniques to express an antibody in which the 
amino acid composition of the non-variable regions is based 
on human antibodies. Computer programs have been 
designed to identify such regions. 

[0139] As used herein, production by recombinant means 
by using recombinant DNA methods means the use of the 
well known methods of molecular biology for expressing 
proteins encoded by cloned DNA. 

[0140] As used herein, substantially identical to a product 
means sufficiently similar so that the property of interest is 
sufficiently unchanged so that the substantially identical 
product can be used in place of the product. 

[0141] As used herein, equivalent, when referring to two 
sequences of nucleic acids means that the two sequences in 
question encode the same sequence of amino acids or 
equivalent proteins. When "equivalent" is used in referring 
to two proteins or peptides, it means that the two proteins or 
peptides have substantially the same amino acid sequence 
with only conservative amino acid substitutions (see, eg.,' 
Table 1, above)that do not substantially alter the activity or 
function of the protein or peptide. When "equivalent" refers 
to a property, the property does not need to be present to the 
same extent [eg., two peptides can exhibit different rates of 
the same type of enzymatic activity], but the activities are 
preferably substantially the same. "Complementary," when 
referring to two nucleotide sequences, means that the two 
sequences of nucleotides are capable of hybridizing, pref- 
erably with less than 25%, more preferably with less than 
15%, even more preferably with less than 5%, most prefer- 
ably with no mismatches between opposed nucleotides. 
Preferably the two molecules will hybridize under condi- 
tions of high stringency. 

[0142] As used herein: stringency of hybridization in 
determining percentage mismatch is as follows: 

[0143] 1) high stringency: O.lxSSPE, 0.1% SDS, 65° 
C. 

[0144] 2) medium stringency: 0.2xSSPE, 0.1% SDS, 
50° C. 

[0145] 3) low stringency: l.OxSSPE, 0.1% SDS, 50° 
C. It is understood that equivalent stringencies may 
be achieved using alternative buffers, salts and tem- 
peratures. 

[0146] The term "substantially" identical or homologous 
or similar varies with the context as understood by those 
skilled in the relevant art and generally means at least 70%, 
preferably means at least 80%, more preferably at least 90%, 
and most preferably at least 95% identity. 



[0147] As used herein, a composition refers to a any 
mixture. It may be a solution, a suspension, liquid, powder, 
a paste, aqueous, non-aqueous or any combination thereof. 

[0148] As used herein, a combination refers to any asso- 
ciation between two or among more items. 

[0149] As used herein, fluid refers to any composition that 
can flow. Fluids thus encompass compositions that are in the 
form of semi-solids, pastes, solutions, aqueous mixtures, 
gels, lotions, creams and other such compositions. 

[0150] As used herein, the abbreviations for any protective 
groups, amino acids and other compounds, are, unless 
indicated otherwise, in accord with their common usage, 
recognized abbreviations, or the IUPAC-IUB Commission 
on Biochemical Nomenclature (see, (1972) Biochem. 
11:1726). 

[0151] For clarity of disclosure, and not by way of limi- 
tation, the detailed description is divided into the subsec- 
tions that follow. The description below is exemplified by 
reference to viral hemorrhagic diseases. It is understood that 
the methods, compositions, combinations and kits provided 
and described herein may be used for treatment of any 
disorder, disease or condition characterized by a deleterious 
immune response, particularly, but not limited to, those 
specificed herein. Such diseases, conditions and disorders 
include, but are not limited to: viral infections, such as viral 
hemorrhagic infections, lenti virus infections, HIV infec- 
tions, herpes virus infections; bacterial infections, particu- 
larly infection with pathogenic strains of E. coli and Strep- 
tococcus; viruses associated with sleep disorders, such as 
HIV; parasitic infections, such as malaria; autoimmune 
diseases, such a thyroid diseases, rheumatoid arthritis, and 
lupis; sepsis; cachexia, such as the wasting associated with 
HIV infection and cancer; rheumatoid arthritis; chronic 
myelogenous leukemia and transplanted bone marrow-in- 
duced graft-versus-host disease; septic shock; immune com- 
plex-induced colitis; cerebrospinal fluid inflammation; 
endotoxemia; autoimmune disorders; multiple sclerosis; cell 
death associated with apoptosis; thyroid diseases and other 
endocrine disorders in which TNF or IL-1 is implicated or 
is a mediator; gynecological disorders, including 
endometriosis and infections associated therewith; and other 
diseases mediated by or associated with IL-1 and/or TNF. It 
is also understood that IL-1 and TNF expression serve as 
markers for these disorders and to monitor the treatments 
herein and the blood compositions herein, but that these 
inflammatory response compounds are not necessarily the 
only agents involved. 

[0152] B. Combinations and Kits and Compostions for 
Treatment of Acute Inflammatory Responses 

[0153] Combinations of therapeutic agents and also com- 
positions for treatment of acute inflammatory responses are 
provided herein. Several embodiments are provided. 

[0154] In one embodiment, blood-derived compositions, 
described below, are provided. These compositions are pro- 
duced by contacting mammalian blood or a fraction thereof, 
in vitro or in vivo, with one or more tetracycline and/or 
tetracycline-like compounds, as defined herein, to induce a 
response that is assessed by monitoring the increase in level 
of TNF receptors and/or IL-1 receptors. The amount of 
compound contacted with the blood and time of contact is 
sufficient to induce at least a three-fold increase from 
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baseline, which is variable from individual-to-individual and 
species-to-species, of TNF and/or IL-1 receptors. The total 
increase of either must be at least about three-fold to ensure 
a sufficient concentration of the receptors and other factors 
in the blood or fraction thereof. The resulting blood or 
fraction thereof can be further fractionated, such that the 
selected fraction retains the activity of the original blood, 
such as against hemorrhagic and inflammatory factors, and 
is then administered to a recipient mammal, that is prefer- 
ably species and blood type matched to the donated blood or 
fraction. The blood or fraction thereof can be stored, pref- 
erably at about -70° C. or under other conditions appropriate 
for storage of blood products, but is preferably not freeze- 
dried. 

[0155] The blood product may also be administered to the 
recipient in combination with a tetracycline and/or tetracy- 
cline-like compound. Such administration can be simulta- 
neous or sequential. If administered separately they should 
be administered within 24 hours, preferably within 6 hours. 
When administered simultaneously they can be adminis- 
tered in a single composition, with the tetracycline and 
tetracycline-like compound(s) mixed in the blood-derived 
compositions. They blood-derived composition is preferably 
administered intravenously or intraperitoneally; the tetracy- 
cline and tetracycline-like compound is preferably admin- 
istered orally. Multiple doses of each may be administered 
as needed Precise dosage and regimen can be empirically 
determined. 

[0156] The combination therapy may also include a 
known therapeutic treatment or regimen for a particular 
acute inflammatory disease, condition or disorder. Hence 
combinations of the blood-derived (or immune) composi- 
tions with tetracycline and/or tetracycline-like compounds 
are provided; combinations . of the blood-derived (or 
immune) compositions with other therapeutic agents for 
treatment of a particular disorder, and combinations of the 
blood-derived (or immune) compositions with tetracycline 
and/or tetracycline-like compounds and with other therapeu- 
tic agents are provided. Hie component of combinations 
may be provided as separate compositions or may be pro- 
vided as mixtures of two or more compositions. The tetra- 
cycline and tetracycline-like compounds are preferably 
administered orally and the blood-derived compositions are 
preferably administered by IV. 

[0157] Kits containing the combinations are provided. The 
kits contain the components of the combinations, such as the 
blood-derived composition and tetracycline and/or tetracy- 
cline-like compounds, and optionally include instructions 
for administration to treat acute inflammatory response 
disorders. The reagents in the kits are packaged in standard 
pharmaceutical containers and packaging material. The kits 
may optionally contain additional components, such as 
syringes for administration of the compositions. 

[0158] It is also shown herein that tetracycline and tetra- 
cycline-like compounds are effective for treatment of viral 
and bacterial infections, particularly, hemorrhagic fevers 
and infections with pathogenic E. coU. The tetracycline and 
tetracycline-like compounds may be administered with 
known treatments for hemorrhagic fevers. Combinations 
and kits containing the combinations of tetracycline and/or 
tetracycline-like compounds and such anti-hemorrhagic 
viral infections are also provided. 



[0159] 1. Tetracycline-like compounds 

[0160] Tetracycline-like compounds, which include thali- 
domide, aureomycin and sulfa drugs, and any other com- 
pound that exhibits tetracycline-like activity, either in the 
ability to induce expression of TNF and/or IL-1 receptors in 
treated individuals, which can be determined in model 
animals as in the Examples below, or by the ability to alter 
folic acid metabolism in bacteria. Such compounds can be 
identified empirically. Any compounds that can do either are 
suitable for use in the methods of treating acute inflamma- 
tory responses provided herein. 

[0161] 2. Tetracycline compounds 

[0162] a. Anti-inflammatory activity of tetracy- 
clines 

[0163] Tetracyclines are a well-known family of antibiot- 
ics that are active against a wide range of gram-positive and 
gram-negative bacteria. There are some indications in the art 
that tetracycline has anti-inflammatory activities, which are 
independent of its antibacterial activity (see, e.g., U.S. Pat. 
No. 5,773,430; U.S. Pat. No. 5,789,395; Shapira et al. 
(1996) InfecL Jmmun. 64:825-828; Kloppenburg et al. 
(1996) Antimicrob. Agents. Chemother. 40:934-940; 
Celerier et al. (1996) Arch. Dermatol. Res. 288:411-414; 
Milano et al. (1997) Antimicrob. Agents. Chemother. 41(1): 
117-121; and U.S. Pat. No. 5,668,122). None, however, 
describe or suggest the use of tetracycline or tetracycline- 
like compounds for treatment of hemorrhagic fevers nor for 
production of blood-derived compositions for treatment of 
disorders, diseases and conditions characterized by or asso- 
ciated with an acute inflammatory response. 

[0164] b. Exemplary tetracycline compounds 

[0165] For purposes herein a tetracycline is any compound 
recognized by those of skill in the art to have the anti- 
inflammatory activities of a tetracycline and includes, all 
derivatives, including salts, esters and acids, analogs, pro- 
drugs, modified forms thereof, and other compounds related 
to tetracycline as desribed above. The following are exem- 
plary tetracycline compounds intended for use in the meth- 
ods and compositions and combinations provided herein. 

[0166] (1) Chlortetracycline 

[0167] Chemically, chlortetracycline is 7-Chloro-4-dim- 
emylammo-l,4,4a^^a,6,ll,12a^tahydro-3,6,10,12,12a- 
pentahydroxy-6-methyl-l,ll-dioxo-2-naphthacenecarboxa- 
mide. Chemical synonyms of chlortetracycline include 
7-chloro-tetracycline, Acronize, Aureocina, Aureomycin, 
Biomitsin, Biomycin and Chrysomykine. For purposes 
herein, the name "chlortetracycline" is used herein, although 
all such chemical synonyms are contemplated. Chemical 
synonyms of chlortetracycline hydrochloride include, but 
are not limited to, Aureociclina and Isphamycin. 

[0168] Chlortetracycline can be prepared according to 
methods known in the art. For example, chlortetracycline 
can be isolated from the substrate of Streptomyces aureo- 
faciens (Duggar, Ann. N.Y.Acad. Set 51, 177 (1948); U.S. 
Pat. No. 2,482,055 (1949 to Am Cyanamid); and Broschard 
et al., Science 109, 199 (1949)). Purification of chlortetra- 
cycline is described in Winterbottom, etal., U.S. Pat No. 
2,899,422 (1959 to Am. Cyanamid). Other processes for 
preparation of chlortetracycline is described in U.S. Pat. 
Nos. 2,987,449 and 3,050,446. 
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[0169] (2) Demeclocycline 

[0170] Chemically, demeclocycline is 7-Chloro-4-dim- 
emylamino-l,4,4a^^a,6,ll,12a-octahydro-3,6,10,12,12a- 
pentahydroxy-l,ll-dioxo-2-naphthacenecaiboxamide. 
Chemical synonyms of demeclocycline include 7^chloro-6- 
demethyltetracycline, demethylchlortetracycline (obsolete), 
RP 10192, Bioterciclin, Declomycin, Deganol, Ledermycin 
and Periciclina. For purposes herein, the name "demeclo- 
cycline" is used, although all such chemical synonyms are 
contemplated. Chemical synonyms of demeclocycline 
hydrochloride include, but are not limited to, Clortetrin, 
Demetraciclina, Detravis, Meciclin and Mexocine. 

[0171] Demeclocycline can be prepared according to 
methods known in the art. For example, demeclocycline can 
be prepared according to the procedures described in 
McCormick et al.,7. Am. Chem. Soc. 79, 4561 (1957); and 
U.S. Pat. No. 2,878,289 (1959 to Am. Cyanamid). Fermen- 
tation processes for demeclocycline preparation is described 
in U.S. Pat. Nos. 3,012,946, 3,019,172 and 3,050,446 (to 
Am. Cyanamid); Fr. pat. No. 1344,645 (1963 to Merck & 
Co.); and Neidleman, U.S. Pat. No. 3,154,476 (1964 to Olin 
Mathieson). Demeclocycline hydrochloride is also available 
from Lederle Labs (Declomycin Tablets). 

[0172] (3) Doxycycline 

[0173] Chemically, doxycycline is 4-(Dimethylamino)-l, 
4,4a^^a,6,ll^t2a-octa-hydro-3^,10,12,12a-pentahydroxy- 
6-methyl-l,ll-dioxo-2-naphthacenecarboxamide monohy- 
drate. Other chemical synonyms of doxycycline include: 
a-6-deoxy-5-hydroxytetracycline monohydrate; a-6-deoxy- 
oxytetracycline monohydrate; or 5-hydroxy-a-6-deoxytet- 
racycline monohydrateGS-3065; Azudoxat; Doxitard; 
Doxy-Puren; Investin; Liviatin; Nordox; Spanor; Vibramy- 
cin; and Vibravenos. For consistency, only the name "doxy- 
cycline" is used herein, although the all such chemical 
synonyms are contemplated. 

[0174] Chemical synonyms of "doxycycline hydrochlo- 
ride" include doxycycline hyclate, Diocimex, Doryx, Dox- 
atet, Doxigalumicina, Doxy-II (caps), Doxy la r, Doxy-Ta- 
blinen, Doxytem, duradoxal, Ecodox, Granudoxy, 
Hydramycin, Liomycin, Mespafin, Midoxin, Nivocilin, 
Novadox, Retens, Roximycin, Samecin, Sigadoxin, Tanami- 
cin, Tecacin, Tetradox, Vibradox, Vibramycin Hyclate, 
Vibra-Tabs and Zadorin. 

[0175] Doxycycline can be prepared according to methods 
known in the art. For example, 6-doxytetracyclines can be 
prepared according to the procedures described in Wittenau 
et al.,J. Am. Chem. Soc 84:2645 (1962); Stephens et al.7. 
Am. Chem. Soc. 85, 2643 (1963); Blackwood et al., U.S. Pat. 
No. 3,200,149 (1965 to Pfizer). Preparation, separation and 
configuration of 6a- and 6p-epimers are described in Wit- 
tenau et al.,7. Am. Chem. Soc. 84, 2645 (1962); Stephens et 
al., ibid 85, 2643 (1963). 

[0176] Doxycycline calcium is available from Pfizer 
(Vibramycin Calcium Oral Suspension Syrup). Doxycycline 
hyclate is available from Pfizer (Vibramycin Hyclate Cap- 
sules; Vibramycin Hyclate Intravenous; Vibra-Tabs Film 
Coated Tablets), from Warner Chilcott Professional Products 
(Doryx Coated Pellets), from Warner Chilcott (Doxycycline 
Hyclate Capsules) and from Mylan (Doxycycline Hyclate 
Capsules and Tablets). Doxycycline monohydrate is avail- 



able from Pfizer (Vibramycin Monohydrate for Oral Sus- 
pension) and from Oclassen (Monodox Capsules). 

[0177] (4) Methacycline 

[0178] Chemically, methacycline is [4S-(4a,4ac^5a 7 5aa, 
12aa)]-4-Di-methylamino-l ,4,4aA5a,6,ll ,12a-octahydro- 
3^,10,12,12a-pentahydroxy-6-methylene-l,ll-d[ioxo-l- 
naphthacenecarboxamide. Chemical synonyms of 
methacycline include 6-methyleneoxytetracycline, 6-meth- 
ylene-5-hydroxytetracycline, metacycline and Bialatan. For 
purposes herein, the name "methacycline" is used. It is 
understood that all chemical synonyms are contemplated. 
Chemical synonyms of methacycline hydrochloride include 
Andriamicina, Ciclobiotic, Germiciclin, Globociclina, 
Megamycine, Metadomus, Metilenbiotic, Londomycin, 
Optimycin, Physiomycine, Rindex and Rondomycin. 

[0179] Demeclocycline can be prepared according to 
methods known in the art For example, methacycline can be 
prepared from oxytetracycline (Blackwood et al., 7. Am. 
Chem, Soc. 83 2773 (1961); 85, 3943 (1963); and Black- 
wood, U.S. Pat. No. 3,026,354 (1962 to Pfizer)). 

[0180] (5) Minocycline 

[0181] Chemically, minocycline is 4,7-Bis(dimethy- 
lamino)-l,4,4a^,-5a,6,ll,12a-octahydro-3,10,12,12a-tet- 
rahydroxy-l,ll-dioxo-2-naphthacenecaitK)xamide. Chemi- 
cal synonyms of minocycline include 7-dimethylamino-6- 
demethyl-6-deoxytetracycline and Minocyn. For purposes 
herein, the name "minocycline" is used, but all such chemi- 
cal synonyms are contemplated. Chemical synonyms of 
minocycline hydrochloride include Minocin, Klinomycin, 
Minomycin and Vectrin. 

[0182] Minocycline can be prepared according to methods 
known in the art. For example, minocycline can be prepared 
according to the procedures described in Boothe, Petisi, U.S. 
Pat. Nos. 3,148,212 and 3,226,436 (1964 and 1965 to Am. 
Cyanamid). Synthesis of minocycline is described in Mar- 
tell, Boothe,/. Med. Chem. 10, 44 (1967); Church etal.,7. 
Org. Chem. 36, 723 (1971); and Bernardi et al., Farmaco 
Ed Sci. 30, 736 (1975). Minocycline hydrochloride is 
available from Medicis (Dynacin Capsules), from Lederle 
Labs (Minocin Intravenous; Minocin Oral Suspension; and 
Minocin Pellet-Filled Capsules) and from Warner Chilcott 
Professional Products (Vectrin Capsules). 

[0183] (6) Oxytetracycline 

[0184] Chemically, oxytetracycline is 4-(Dimethylamino)- 
l,4,4a^5,-5a,6,ll,12a-octahydro-3^,6,10,12,12a-hexahy- 
droxy-6-memyl-l,ll-dioxo-2-naphmacenecarrx)xamide. 
Chemical synonyms of oxytetracycline include: glomycin; 
terr-fungine; riomitsin; hydro xytetracycline; Berkmycen; 
Biostat; Engemycin; Oxacycline; Oxatets; Oxydon; Oxy- 
Dumocyclin; Oxymycin; Oxypan; Oxytetracid; Ryomycin; 
Stevacin; Terraject; Terramycin; Tetramel; Tetran; Vendar- 
cin; and Vendracin. For purposes herein, the name "oxytet- 
racycline" is used, although all such chemical synonyms are 
contemplated. Chemical synonyms of oxytetracycline dihy- 
drate include Abbocin, Clinimycin and Imperacin. Chemical 
synonyms of oxytetracycline hydrochloride dihydrate 
include Alamycin, Aquacycline, Arcospectron, Bio-Mycin, 
Duphacycline, Geomycin, Gynamousse, Macocyn, Maco- 
dyn, Occrycetin, Oxlopar, Oxybiocycline, Oxybiotic, Oxy- 
cycline, Oxyject, Oxylag, Stecsolin, Tetra-Tablinen and 
Toxinal. 
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[0185] Oxytetracycline can be prepared according to 
methods known in the art. For example, oxytetracycline can 
be isolated from the elaboration products of the antino- 
mycete, Streptomyces rimosus, grown on a suitable medium 
(Finlay et al., Science 111, 85 (1950); Regna, Solomons, 
Ann. N.Y.Acad. Sci 53, 221 (1950); Regna et al.,/. Am. 
Chem. Soc. 73, 4211 (1951)), from Streptomyces rimosus 
(Sobin etal., VS. Pat. No. 2,516,080 (1950 to Pfizer)), from 
S. xanthophaeus (Brockmann, Musso, Naturwiss. 41, 451 
(1954); Brockmann et al., Ger. pat. 913,687 (1954 to Bayer), 
CA. 53, 4662h (1959)). Total synthesis of the dl-form of 
oxytetracycline is described in H. Muxfeldt et al., ibid. 101, 
689 (1979). Oxytetracycline hydrochloride is available from 
Pfizer (Terra-Co rtril Ophthalmic Suspension; Terramycin 
with Polymyxin B Sulfate Ophthalmic Ointment; and Uro- 
biotic-250 Capsules). 

[0186] (7) Tetracycline 

[0187] Chemically, tetracycline is 4-dimeroylamino)-l,4, 
4a^^a,6-ll,12aKx:tahydro-3,6,10,12,12a-pentabydroxy-6- 
mewyl-l,ll-dioxo-2-naphmacenecarboxaiiude. Chemical 
synonyms of tetracycline include deschlorobiomycin; tsik- 
lomitsin; Abricycline; Achromycin; Agromicina; 
Ambramicina; Ambramycin; Bio-Tetra; Bristaciclina; 
Cefracycline suspension; Criseociclina; Cyclocmycin; 
Democracin; Hostacyclin; Omegamycin; Panmycin; Poly- 
cycline; Purocyclina; Sanclomycine; Steclin; Tetrabon; Tet- 
racyn; Tetradecin. For purposes herein, the name "tetracy- 
cline", although the all such chemical synonyms are 
contemplated. 

[0188] Chemical synonyms (i.e. equivalents or generics) 
tetracycline hydrochloride, include Achro, Achromycin V, 
AlaTet, Ambracyn, Artomycin, Cefracycline tablets, Cyclo- 
par, Diacycline, Dumocyclin, Helvecyclin, Imex, Mephacy- 
clin, Partrex, Quadracycline, Quatrex, Remicyclin, Ricy- 
cline, Ro-cycline, Sulciclina, Subamycin, Supramycin, 
Sustamycin, Tefilin, Teline, Telotrex, Tetrabakat, Tetrabid, 
Tetrablet, Tetracbel, Tetracompren, Tetra-D, Tetrakap, 
Tetralution, Tetramavan, Tetramycin, Tetrosol, Tetra-Wedel, 
Topicycline, Totomycin, Triphacyclin, Unicin, Unimycin 
and Vetquamycin-324. Chemical synonyms of tetracycline 
phosphate complex include Panmycin Phosphate, Sumycin, 
Tetradecin Novum, Tetrex and Upcyclin. 

[0189] In addition to its ubiquitous commercial availabil- 
ity, tetracycline can be prepared according to methods 
known in the art For example, tetracycline can be produced 
from Streptomyces spp. (Boo the et al. J. Am. Chem. Soc. 75, 
4621 (1953); Conover et al., ibid. 4622; and Conover, U.S. 
Pat. No. 2,699,054 (1955)), from Streptomyces viridifaciens 
(Gourevitch,et al., U.S. U.S. Pat. Nos. 2,712^17; 2,886,595 
(1955, 1959 to Bristol Labs)), from S. aureofaciens (U.S. 
Pat. Nos. 3,005,023; 3,019,173). Purification of tetracycline 
is described, for example, in U.S. Pat No. 3,301,899. 
Preparation of tetracycline phosphate complex is described 
in Seiger, Weidenheimer, U.S. Pal. No. 3,053,892 (1962 to 
Am. Cyan amid). Total synthesis of tetracyclines is described 
in Boothe et al.,/. Am. Chem. Soc. 81, 1006 (1959); Conover 
et al., ibid. 84, 3222 (1962). Tetracycline hydrochloride is 
available from Lederle Labs (Achromycin V Capsules), 
from Procter & Gamble Pharmaceutical (Helidac Therapy), 
from Lederle Standard (Tetracycline HC1 Capsules) and 
from Mylan (Tetracycline Hydrochloride Capsules). Soluble 
tetracycline is preferred. 



[0190] (8) Other Chemically-Modified Tetracy- 
clines 

[0191] Other tetracyclines include, but are not limited to, 
dedimethylaminotetracyclines, which include 4-dedimethy- 
laminotetracycline, 4-dedimeroylammo-5-oxytetracycline, 
4-dedimethylamino-7-chlortetracycline, 4-hydroxy-4-dedi- 
methyl-aminotetracycline, 5a, 6-anhydro-4hydroxy-4-dedi- 
methylaminotetracycline, 6a-deoxy-5-hydroxy-4-dedirn- 
ethylaminotetracycline, 6-demetbyI-6-deoxy-4- 
dedimethylaniinotetracycline, 4-dedimethylamino-12a- 
deoxytetracycline, 4-dedimethylamino-ll-hydroxy-12a- 
deoxytetracycline, 12a-deoxy-4-deoxy-4- 
dedimemylammotetracycline, 6ct-deoxy-5-hydroxy-4- 
dedimethylaminodoxycycline, 12a,4a-anhydro-4- 
dedime thy lamino tetracycline and minocycline-CMT i.e., 
7-ddmethylammo-6^emethyl^^eoxy-4-dedimethylami- 
notetracycline. Further examples of chemically-modified 
tetracyclines contemplated for use herein, include but are not 
limited to, 6a-benzylthiomemylenetetracycline, the 2-nitrilo 
analogs of tetracycline (tetracyclinonitrile), the mono-N- 
alkylated amide of tetracycline, 6-fluoro-6-demethyltetracy- 
cline, lla-cUortetracycline, tetracycline pyrazole and 12a- 
deoxytetracycline and its derivatives (see, e.g., U.S. Pat. No. 
5,532,227). 

[0192] Other chemically modified tetracyclines (CMTs) 
include, but are not limited to for example, 4-de(dimethy- 
laniino)tetracycline (CMT-1), tetracyclinonitrile (CMT-2), 
6-demethyl-6-deoxy-4-de(dimemylammo)tetracycline 
(CMT-3), 7-chloro-4-de(dinaemylannno)tetracycline (CMT- 
4), tetracycline pyrazole (CMT-5), 4-hydroxy-4-de(dirn- 
ethylamino)tetracycline (CMT-6), 4-de(dimethylamino)- 
12.alpha.-deoxytetracycline (CMT-7), 6-deoxy-5.alpha.- 
hydroxy-4-de(dimemylamino)tetracycline (CMT-8), 
4^1e(dmiemylarnino)-12.alpha.-deoxyanhydrotetracyclin 
(CMT-9) and 4-de(dimemylamino)minocycline (CMT-10) 
(see, e.g., U.S. Pat. No. 5,773,430). Further examples of 
tetracyclines modified for reduced antimicrobial activity 
include the 4-epimers of oxytetracycline and chlortetracy- 
cline (epi-oxytetracycline and epichlortetracycline). 

[0193] Also contemplated and included are 4-dedimethy- 
laminotetracyclines and the corresponding 5a,6-anhydro 
derivatives having an oxo, hydroxy, substituted imino, 
amino or substituted amino group other than dimethyl amino 
at the Cjnultidot4-position useful as antimicrobial agents. 
Examples of such 4-dedimemylaniinotetracyclines deriva- 
tives include 5-Oxytetracycline, 7-Chlortetracycline, 
6-Deoxy-5-oxytetracycline, 6-Deoxytetracycline, 6-Deoxy- 

6- demethyltetracycUne, 7-Bromotetracycline, 6-Demethyl- 

7- chlortetracycline, 6-Demethyltetracycline, 6-Methylene- 
tetracycline, lla-Chloro-6-methylenetetracycline, 
6-Methylene-5-oxytetracycline and lla-Chloro-6-methyl- 
ene-5-oxytetracycline (see, e.g., U.S. Pat No. 4,066,694). 

[0194] Aqueous solutions of chlortetracycline or salts 
thereof, a pharmaceutical^ acceptable calcium compound 
and 2-pyrrolidone as a co-solvent, where the solution has a 
pH of 8 to 10 is used as an injectable composition combining 
low viscosity, high potency, good clarity and good stability 
(see, U.S. Pat. No. 4,081,527). 

[0195] Further, the tetracycline compounds and formula- 
tions that can be used herein include those compounds or 
formulations described in the following U.S. Pat. Nos. or 
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those compounds or formulations that can be prepared 
according to the processes described in the following U.S. 
Pat. Nos.: 

[0196] 5,827,840 (Chemically-modified tetracyclines); 
5,789,395 (Method of using tetracycline compounds for 
inhibition of endogenous nitric oxide production); 5,773,430 
(Serine proteinase inhibitory activity by hydrophobic tetra- 
cycline); 5,770,588 (Non-antibacterial tetracycline compo- 
sitions); 5,668,122 (Method to treat cancer with tetracy- 
clines); 5,538,954 (Salts of tetracyclines); 5,532,227 
(Tetracyclines including non-antimicrobial chemically- 
modified tetracyclines); 5,523,297 Non-antimicrobial tetra- 
cyclines); RE34,656 (Use of tetracycline to enhance bone 
protein synthesis and/or treatment of bone deficiency); 
5,321,017 (Composition containing fluriprofen and effec- 
tively non-antibacterial tetracycline to reduce bone loss); 
5308,839 (Composition containing non-steroidal anti-in- 
flammatory agent tenidap and effectively non-antibacterial 
tetracycline); 5,277,916 (Tetracycline dosage form); 5,258, 
372 (Tetracycline activity enhancement using doxycycline 
or sancycline); 5,250,442 (Method of treating rheumatoid 
arthritis using tetracycline); 5,223,248 (Non-antibacterial 
tetracycline compositions possessing antiplaque properties); 
5,021,407 (Tetracycline activity enhancement); 4,935,412 
(Non-antibacterial tetracycline compositions possessing 
anti-coil agenolytic properties and methods of preparing and 
using same); 4,935,422 (Non-antibacterial tetracycline com- 
positions possessing anti-collagenolytic properties and 
methods of preparing and using same); 4,925,833 (Use of 
tetracycline to enhance bone protein synthesis and/or treat- 
ment of osteoporosis); 4,837,030 (Novel controlled release 
formulations of tetracycline compounds); 4,704,383 (Non- 
antibacterial tetracycline compositions possessing anti-col- 
lagenolytic properties and methods of preparing and using 
same); 4,666,897 (Inhibition of mammalian collageno lytic 
enzymes by tetracyclines); 4,418,060 (Therapeutically 
active complexes of tetracyclines); 4,376,118 (Stable non- 
aqueous solution of tetracycline salt); 4,081,528 (Tetracy- 
cline compositions); 4,066,694 (4-Hydroxy-4-dedimethyi- 
amino-tetracyclines); 4,060,605 (Water-soluble derivative 
of 6-deoxy-tetracyclines); 3,993,694 (Tetracycline deriva- 
tives and process for preparing them); 3,983,173 (2-Car- 
boxamido-substituted tetracyclines and process for their 
manufacture); 3,962330 (Process for the preparation of 
6-demethyl-6-deoxy-6-methylene-tetracyclines); 3,947,517 
(Stereoselective introduction of tetracyclines hydroxyl 
group at 12(a) position in synthesis of tetracyclines); 5387, 
703 (Process and intermediate for the purification of oxytet- 
racycline); 5,075,295 (Novel oxytetracycline compositions); 
4^29,057 (Oxytetracycline capsules with increased stability 
and methods of producing the same); 4,584,135 (Process for 
the preparation of an oxytetracycline -calcium silicate com- 
plex salt from fermentation broth); 4399,127 (Injectable 
oxytetracycline compositions); 4386,083 (Injectable 
oxytetracycline compositions); 4,259331 (Oxytetracycline 
compositions); 4,020,162 (Oxytetracycline solution for 
parenteral, peroral and local administration and processes 
for the production thereof); 4,018,889 (Oxytetracycline 
compositions); 3,962,435 (Combination of oxytetracycline 
and 2,4-diarnino-5-(3-alkoxy-4^-methylenedioxyben- 
zyl)pyrimidine); 3,962,131 (Rhodium containing catalyst 
and use thereof in preparation of 6-deoxy-5-oxytetracy- 
cline); 3,957,972 (Stable solutions of oxytetracycline suit- 
able for parenteral and peroral administration and process of 



preparation); 5,258372 (Tetracycline activity enhancement 
using doxycycline or sancycline); 4,086332 (Doxycycline 
compositions); 4,061,676 (Recovery of doxycycline and 
products thereof); 3,957,980 (Doxycycline parenteral com- 
positions); 3,932,490 (Doxycycline aceturate); 5,413,777 
(Pulsatile once-a-day delivery systems for minocycline); 
5348,748 (Pulsatile once-a-day delivery systems for 
minocycline); 5300304 (Pulsatile once-a-day delivery sys- 
tems for minocycline); 5,262,173 (Pulsatile once-a-day 
delivery systems for minocycline); and 4,701320 (Compo- 
sition stably containing minocycline for treating periodontal 
diseases). 

[0197] Hence tetracycline compounds are well known to 
those of skill in the art; and tetracycline-like compounds can 
be readily identified. 

[0198] C. Hemorrhagic Viruses and the Immune Response 

[0199] The immune response to hemorrhagic viral infec- 
tion appears to follow the a scheme that includes: viral 
activation of macrophages, T and B lymphocytes; produc- 
tion of mediators by mononuclear cells, including cytokines 
such as, interleukin (IL)-1 and 11^2, interferon (IFN), and/or 
tumor necrosis factor (TNF); changes of the proliferative 
activity of the cells; alterations of lymphocyte subpopula- 
tions (CD4 and CD8); and propagation of virus in immu- 
nocompetent cells. 

[0200] A decrease of lymphocyte proliferative activity in 
response to mitogen stimulation, a decrease of the number of 
T and B lymphocytes, and an inversion of CD4\CD8 lym- 
phocyte ratios (Fisher-Hoch etal. (1987) J. Infect, Dis., 
155:465-474; Vallejos et aL (1985) Medicina (Buenos-Ar- 
ies), 45:407; Enria et al. (1986) Med. Microbiol Immunol, 
175:173-176) have been demonstrated in arenaviral hemor- 
rhagic fevers. 

[0201] Clinical observations and experimental study of 
these fevers has demonstrated a marked production of the 
inflammatory cytokines, such as TNF, IL-1, IFN, during 
these diseases. Pronounced production of serum IFN was 
seen during experimental infection of guinea pigs and mon- 
keys with Marburg and Ebola viruses with lethal outcome 
(Ognatyev et al., Voprosy Virusologii, 39:13-17 (1994); 
Ignatyev et al., Voprosy Virusologu, 40:109-113 (1995); 
Ignatyev et al., /. Biotechnol 44:111-118 (1996)). The 
infection of human macrophages with Marburg virus leads 
to increased release of TNF-a, which is one of several 
cytokines typically secreted by macrophages (Feldmann et 
al., /. Virol, 70:2208-2214 (1996)). Infection of monkeys 
with Ebola virus was also accompanied by increased serum 
TNF-a levels (Ignatyev, Curr. Top. Microbiol Immunol, 
235:205-217 (1999)). 

[0202] Increased levels of TNFa and IFN-a in patients 
with Argentine hemorrhagic fever correlate with the severity 
of disease; whereas IL-lp levels in patients do not differ 
from those in normal controls (see, Heller et al., J. Infect. 
Dis., 166:1203 (1992)). Increased production of nitric oxide 
(NO) in patients with hemorrhagic fever with renal syn- 
drome has been reported (Linderholm et al., Infection, 
24:337-340 (1996)). 

[0203] Similarly high concentrations of IL-1 and TNF 
during the development of the human septic shock are 
known to contribute to lethal outcome (see, Calandra et al., 
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J. Infectious Diseases, 161:982-987 (1990); Cannon et al.,J. 
Infectious Diseases, 161 :79-84 (1990)). 

[0204] Defective humoral responses and extensive intra- 
vascular apoptosis are associated with fatal outcome in ebola 
virus-infected patients (Baize et al., Nature Medicine, 
5(4):423-426 (1999)). In survivors, early and increasing 
levels of IgG, directly against mainly against the nucleopro- 
tein and the 40-kDa viral protein, were followed by clear- 
ance of circulating viral antigen and activation of cytotoxic 
T cells. In contrast, fatal infection was characterized by 
impaired humoral responses, with absent specific IgG and 
barely detectable IgM. 

[0205] The compositions and method provided herein 
provide a means to treat infections with hemorrhagic 
viruses. In particular, the blood-derived compositions, 
which can be readily produced by contacting blood from a 
donor in vitro or in vivo with a compound such as as, a 
tetracycline or tetracycline -like compound, and then har- 
vesting, preferably serum or plasma, which can be infused 
into the mammal with the infection, is effective for treat- 
ment. The response in the donor blood or fraction thereof 
can be observed as quickly as six hours after administration 
of the tetracycline and tetracycline-like compound or con- 
tacting with the blood. The infected mammal can also be 
treated with a tetracycline and tetracycline-like compounds 
prior to administration of the blood-derived composition, 
simultaneously and/or subsequently. Additional anu" -hemor- 
rhagic viral treatments and agents may also be administered. 

[0206] D. Pharmaceutical Compositions, Formulation and 
Modes of Administration Thereof 

[0207] Blood-derived compositions for administration, 
preferably for systemic administration, for treatment of 
acute inflammatory responses are provided. These are pref- 
erably provided in a form for systemic, such as intraperito- 
neal or intravenous administration. They may be concen- 
trated or diluted by standard methods; preferably they are 
not subjected to freeze-drying. 

[0208] Combinations of the blood-derived compositions 
with tetracycline and/or tetracycline-like compounds are 
also provided. These combinations may be packaged as kits 
and are intended for treatment of the acute inflammatory 
responses. 

[0209] Also provided for treatment of the viral hemor- 
rhagic diseases and also bacterial infections, such as E. coli, 
are tetracycline and tetracycline-like compounds, and also 
combinations of a composition containing one or more 
tetracycline compoundis) and a composition containing an 
anti-viral-hemorrhagic agent, preferably in a pharmaceuti- 
cal^ acceptable carrier or excipient. The tetracycline com- 
pound^) and anti-viral-hemorrhagic agent are packaged as 
separate compositions for administration together or sequen- 
tially or intermittently. Alternatively, they can be contained 
in a single composition for administration as a single com- 
position. The combinations can be packaged as kits. 

[0210] In a preferred embodiment, a composition suitable 
for oral delivery, includes one or more tetracycline com- 
pounds and an anti-viral-hemorrhagic agent, and a pharma- 
ceutically acceptable carrier or excipient in tablet, capsule, 
or other single unit dosage form is provided. 

[0211] Any tetracycline and tetracycline-like com- 
pound^), including those described herein, when used alone 



or in combination with other compounds, that can alleviate, 
reduce, ameliorate, prevent, or place or maintain in a state of 
remission of clinical symptoms or diagnostic markers asso- 
ciated with acute inflammatory responses, such as viral 
hemorrhagic diseases or disorders, particularly those viral 
hemorrhagic diseases or disorders caused by infection of a 
Bunyaviridae, a Filoviridae, a Flaviviridae, or an Arenaviri- 
dae virus, can be used in the present combinations. 

[0212] Suitable anti-viral hemorrhagic agents are 
described in the following section. 

[0213] 1. Anti-viral hemorrhagic agents 

[0214] The tetracycline and tetracycline-like compounds 
and the blood-derived compositions provided herein can be 
administered alone or in combination with other agents, 
such as 1L-1 inhibitors and/or TNF inhibitors, appropriate 
vaccines and other drugs for treatment of acute inflamma- 
tory diseases and disorders. 

[0215] a. Interleukin-1 (IH) inhibitors 

[0216] Any IL-1 inhibitor that prevents or decreases pro- 
duction, post-translational modification^), maturation, or 
release of IL-1, or any substances that interfere with or 
decrease the efficacy of the interaction between IL-1 and 
IL-1 receptor is contemplated for use in combination with 
the tetracycline and tetracycline-like compounds and/or the 
blood-derived compositions. Preferably, the IL-1 inhibitor is 
an anti-lL-1 antibody, an anti-ILl receptor antibody, an 
IL-1 receptor antagonist, an IL-1 production inhibitor, an 
IL-1 receptor production inhibitor and an IL-1 releasing 
inhibitor. 

[0217] Monoclonal antibodies, particurlarly humanized 
antibodies are preferrred. Anti-IL-1 antibodies are known 
(see, e.g., U.S. Pat. Nos. 4,772,685 and 4,994,553). Anti- 
IL-1 receptor antibodies are also known (see, e.g., Chen et 
al., Cancer Res,, 58(16): 3668-76 (1998); Clark et al., J. 
Interferon Cytokine Res., 16(12): 1079-88 (1996); Zerek- 
Melen et al., Eur. J. Eruhcrinol, 131(5): 531-4 (1994); 
Mclntyreet al. (1991)/. Exp. Med., 173(4):931-9; Benjamin 
et al. (1990) Prog. Clin. Biol Res., 349:355-6) are used. 

[0218] An IL-1 receptor antagonist can be an IL-1 receptor 
antagonist (H^lRa; see, e.g., SEQ ID No. 5; see, also U.S. 
Pat. Nos. 5,863,769, 5,837,495, 5,739,282, 5,508,262, 
5,455330, 5,334,380, Bendele et al., Arthritis Rheum., 
42(3):498-506 (1999); Kuster et al., Lancet, 
352(9136):1271-7 (1998); Bendele et al, J. Lab. Clin. Med, 
125(4): 493-500 (1995); and Wetzler et al., Blood, 
84(9):3142-7 (1994)), an IL-1 receptor intracellular ligand 
protein, a Type II IL-1 receptor, a soluble lh-1 receptor, a 
non-functional mutein of IL-1, a non-functional mutein of 
IL-1 receptor or a small molecule antagonist. 

[0219] IL-1 receptor intracellular ligand proteins (see, 
e.g., SEQ ID Nos. 6, 7, 8 and 9; see also U.S. Pat. No. 
5317,476), such as type 11 IL-1 receptor (see, e.g., SEQ ID 
No. 4; see, also U.S. Pat Nos. 5,464,937 and 5,350,683) or 
soluble IL-1 receptors (see, e.g., U.S. Pat. Nos. 5,767,064, 
RE35,450, 5,492388, 5,488,032, 5,319,071 and 5,180,812) 
are contemplated. Soluble receptors contain residues 1-312, 
1-314, 1-315, 1-316, 1-317, 1-318 and 1-319 of the full- 
length receptor for which sequence is set forth in SEQ ID 
No. 3 or 4). Non-functional muteins of IL-1 (see, e.g., U.S. 
Pat. No. 5,286,847) can be used (e.g., in which the Arg 
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residue at position 127 of the precursor IL-lp protein 
sequence (see, SEQ ID No. 2) is replaced with gly). The 
small molecule IL-1 receptor antagonist can be a histamine 
antagonist (see, e.g., U.S. Pat No. 5,658,581), an aryl-or 
he tero aryl - 1 -alky I -pyrrole -2-carbo xy lie acid compound 
(see, e.g., U.S. Pat. Nos. 5,039,695 and 5,041,554) or a 
5-lipoxygenase pathway inhibitor (U.S. Pat. No. 4,794,114). 

[0220] The IL-1 inhibitor can be an IL-1 production 
inhibitor, such as an antisense oligonucleotide (see, e.g., 
Yahata et al., Antisense Nucleic Acid Drug Dev., 6(1):55-61 

(1996) ; Fujiwara et al., Cancer Res., 52(18): 4954-9 (1992); 
see, also SEQ ID. No. 10, which sets forth an exemplary 
anti-sense oligonucleotide specific for IL-1 ,6; and Maier et 
al., Science, 249:1570-4 (1990); SEQ ID No. 11, which sets 
forth an exemplary antisense oligonucleotide specific for 
IL-1 a) can be used. 

[0221] The IL-1 production inhibitor can be a small mol- 
ecule inhibitor, such as 5-hydroxy and 5-methoxy 2-amino- 
pyrimidine (see, e.g., U.S. Pat No. 5,071,852), 3-substi- 
tuted-2-oxindole-l-carboxamide (see, e.g., U.S. Pat Nos. 
4^61,794 and 5,192,790), 4^^o^l-2(sur^iwted)imida- 
zole (see, e.g., U.S. Pat. No. 4,780,470) and 2-2'-[U- 
propan-2-onediyl-bis(thio)]bis-l-H-imidazole (see, e.g., 
U.S. Pat. No. 4,778,806). 

[0222] The IL-1 inhibitor can be an IL-1 receptor produc- 
tion inhibitor, such as an antisense oligonucleotide (see, e.g., 
SEQ ID No. 12, which provides an antisense oligonucleotide 
designated ISIS 8807; see, also Miraglia et at, Int. J. 
Immunopharmacol, 18(4):227-40 (1996); the oligonucle- 
otide set forth in SEQ ID No. 13; and Burch et al., /. Clin. 
Invest, 88(4):1190-6 (1991)) can be used. 

[0223] The IL-1 inhibitor can be an IH releasing inhibi- 
tor, such as an IL-1 converting enzyme inhibitor e.g., 
N-substituted glutamic acid derivative (see, U.S. Pat. No. 
5,744,451), y-pyrone-3-acetic acid (U.S. Pat No. 5,411, 
985), probucol (U.S. Pat. No. 4,975,467), disulfiram, tetrakis 
[3-(2,6-di-tert-butyl-4-hydroxyphenyl)propionyloxy 
methyl]methane or 2,4-di-isobutyI-6-(N^f-dimethylami- 
nomethyl)-phenol (VS. Pat. No. 5,034,412), a peptide based 
inter leukin-1 beta converting enzyme (ICE) inhibitor (Oka- 
moto et al., Chem. Pharm. Bull. (Tokyo) 47(1):11-21 

(1997) ), a pyridazinodiazepine (Do lie et al., J. Med. Chem, 
40(13):1941-6 (1997)), SDZ 224-015 (Elford et aL, Br. /. 
Pharmacol, 115(4):601-6 (1995)), an aspartate-based 
inhibitor (Mashima et dl.,Biochem. Biophys. Res. Common., 
209(3):905-15 (1995)), an aspartyl alpha-((l-phenyl-3-(tri- 
fluoromethyl)-pyrazol-5-yl)oxy)methyl ketone (Dolle et al., 
J. Med Chem., 37(23):3863-6 (1994)), L;741,494 (Salva- 
tore et al.,/. Nat. Prod, 57(6):755-60 (1994); see U.S. Pat. 
No. 5,843,904), TX (see U.S. Pat No. 6,020,477), CPP-32 
and CMH-1 (Margolin et al., J. Biol Chem., 272(ll):7223-8 
(1997)), a peptide inhibitor of ICE, YVAD-CHO (de Bilbao 
ti?X. 7 Neuroreport, 7(18):3051-4 (1996)), benzyloxycarbo- 
nyl-valinylaianylaspartylfluoromethyl ketone (Cain et al.,/. 
Biochem, 314(Pt l):27-32 (1996)) bocaspartyl (benzyl) 
chloromethylketone (BACMK) (Estrov et al., Blood, 
86(12):4594-602 (1995)) and L-709,049 (Fletcher et al., J. 
Interferon Cytokine Res., 5(3):243-8 (1995)). 

[0224] Other IL-1 inhibitors may also be used (see, e.g., 
U.S. Pat No. 5,804,599 (Interleukin-1 production inhibiting 
compound), U.S. Pat. No. 5,453,490 (Recombinant human 
interleukin-1 inhibitors), U.S. Pat. No. 5,334,380 (Anti- 



endotoxin, interleukin-1 receptor antagonist), U.S. Pat. No. 
5,075,222 (Interleukin-1 inhibitors), U.S. Pat No. 5,034,412 
(Interleukin-1 release inhibitors), U.S. Pat No. 5,011,857 
(Interleukin-1 release inhibitors), U.S. Pat. No. 4,975,467 
(Interleukin-1 release inhibitors), U.S. Pat. No. 4,870,101 
(Interleukin-1 release inhibitors) and Ray et al., Cell, 
69(4):597-604 (1992) (Cowpox virus encoded interleukin-1 
beta converting enzyme inhibitor). 

[0225] b. Tumor necrosis factor (TNF) inhibitors 

[0226] TNF inhibitors may also be used. These may be 
used in place of or in addition to IL-1 inhibitors. Any 
inhibitor of TNF activity is contemplated for use herein. 
Among the preferred inhibitors are anti-TNF antibodies, 
anti-TNF receptor antibodies, TNF receptor antagonists, 
TNF production inhibitors, TNF receptor production inhibi- 
tors and a TNF releasing inhibitors. 

[0227] The anti-TNF antibody or the anti-TNF receptor 
antibody can be a monoclonal antibody, which is preferably, 
humanized. Such antibodies are known (e.g., the anti-TNF 
antibodies Mabp55r and Mabp75r (Tanaka et al., Neurol 
Med Chir. (Tokyo), 38(12):812-818 (1998)), 3B10 and 
h3B10-9 (Nagahira et al., /. Immunol. Methods., 222(1- 
2):83-92 (1999)), MAK 195F (Holler et al., Blood, 
86(3):890-0 (1995)), CA2 (Centocor, Inc., Malvern, Pa.; 
Elliott et aL, Lancet, 344:1125-1127 (1994); Cope et al.,/. 
Clin. Invest., 94:749-760 (1994)) and CDP571 (Rankin et 
a\.,Br.J. Rheumatol, 34(4):334-342 (1995); U.S. Pat. Nos. 
5,741,488, 5,698,195, 5,654,407, 5,626,321, 5,656,272, 
5,436,154, 5,360,716, 5,231,024 and 5,795,967; and Cargfle 
et 2l.,Am J. Vet. Res., 56(11): 1451-9 (1995)). 

[0228] The TNF receptor antagonist can be a purified 
soluble TNF receptor, a non-functional mute in of TNF 
receptor, a non-functional mutein of TNF and a small 
molecule antagonist Non-functional mute ins of TNF recep- 
tor are known (see, e.g., U.S. Pat Nos. 5,863,786, 5,773, 
582, 5,606,023, 5,597,899, 5,519,119, 5,486,463, 5,422,104, 
5,247,070 and 5,028,420). Small molecule antagonists, such 
as a mercapto alkyl peptidyl compound (see, e.g., U.S. Pat. 
No. 5,872,146), an arylsulfonyl hydroxamic acid derivative 
(U.S. Pat No. 5,861,510), a salt of an alkaline-earth metal 
(U.S. Pat No. 5,851,556), a pentoxifylline (U.S. Pat No. 
5,763,446), a hydroxamic acid compound (U.S. Pat No. 
5,703,092), a retinoic acid (U.S. Pat. No. 5,658,949), a 
histamine antagonist (U.S. Pat No. 5,658,581), a lefluno- 
mide (U.S. Pat. No. 5,547,970), a l-Alkoxy-2<alkoxy- or 
cycloalkoxy-)-4-(cyclothioaIkyl- or cyclothioalkenyl-) ben- 
zene (U.S. Pat. No. 5,541,219), a vinigrot (U.S. Pat No. 
5306,732), a cyclohexene-ylidene derivative (U.S. Pat. No. 
5,605,923), a quinazoline compound (U.S. Pat. No. 5,646, 
154) and BN 50739 (Rabinovici et al., /. Pharmacol Exp. 
Ther., 255(l):256-63 (1990)) are also contemplated for use 
herein in combination with the tetracycline and tetracycline- 
like compounds and/or blood-derived compositions. 

[0229] The TNF receptor antagonist can be a TNF receptor 
death domain ligand protein, a tumor necrosis factor binding 
protein (TNF-BP), a TNF receptor-IgG heavy chain chi- 
meric protein (Peppel et al., /. Exp. Med, 174(6):1483-9 
(1991)), a bacterial lipopolysaccharide binding peptide 
derived from CAP37 protein (U.S. Pat. No. 5,877,151) and 
a Myxoma virus T2 protein (Schreiber et al.,/. Biol Chem., 
271(23): 13333-41 (1996)). Exemplary TNF receptor death 
domain ligand proteins include those described in U.S. Pat. 
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Nos. 5,849,501, 5,847,099, 5,843,675, 5,852,173 and 5,712, 
381 are used (see, also SEQ ID Nos. 18, 19, 20 and 21). 
Also, the TNF-BPs described in U.S. Pat. No. 5,811,261, 
which describes TBP-1 a 180 amino acid protein isolated 
from human urine, U.S. Pat Nos. 5308,029, 5,776,895, 
5,750,503, which describe chimeric TNF-BPs containing the 
soluble portion of the P55 TNF receptor and all but the first 
domain of the constant region of IgGl or IgG3 heavy chains, 
and the TNF-BPs described in Colagjovanni et al., Immu- 
nopharmacol ImmunotoxicoL, 18(3):397-419 (1996) and 
Olsson et al., Bioiherapy., 3(2): 159-65 (1991), which 
describes a 50 kD protein isolated from human urine, can be 
used. 

[0230] The TNF inhibitor can be an TNF production 
inhibitor, such as an antisense oligonucleotide (see, e.g., 
SEQ ID No. 22; see, also U.S. Pat. No. 5,705389). Other 
TNF production inhibitors are known (see, e.g., U.S. Pat. 
No. 5,776,947 (quinoline-3-carboxamide compounds), U.S. 
Pat. No. 5,691382 (matrix metaloproteinase inhibitors), 
U.S. Pat. No. 5,648359, US. Pat No. 5,616,490 (ribozymes 
targeted to TNFa RNA), U.S. Pat Nos. 5304,634, 5,420, 
154 and 5347,979 (derivatives of 2-pyrrolidinones)). 

[0231] TNF receptor production inhibitor include anti- 
sense oligonucleotides. The TNF inhibitor can be a TNF 
releasing inhibitor (see, e.g., U.S. Pat. No. 5369311 (isox- 
azoline compounds), U.S. Pat No. 5363,143 (catechol 
diether compounds), and U.S. Pat. No. 5,629,285 (pepudyl 
derivatives having active groups capable of inhibiting TACE 
such as, hydroxamates, thiols, phosphoryls and carboxyls) 

[0232] Other TNF inhibitors are contemplated (see, e.g., 
U.S. Pat No. 5386,010 (TNFa inhibitors), U.S. Pat No. 
5,753,628 (peptide inhibitors of TNF containing predomi- 
nantly D-amino acids), U.S. Pat No. 5,695,953 (DNAthat 
encodes a tumor necrosis factor inhibitory protein), U.S. Pat 
No. 5,672347 (tumor necrosis factor antagonists), U.S. Pat. 
No. 5382,998 (monoclonal antibodies against human TNF- 
BP 0, U.S. Pat No. 5,478,925 (multimers of the soluble 
forms of TNF receptors), U.S. Pat No. 5,464,938 (isolated 
viral protein TNF antagonists), U.S. Pat. No. 5359,039 
(isolated poxvirus A53R-equivalent tumor necrosis factor 
antagonists), U.S. Pat No. 5,136,021 (TNF-inhibitory pro- 
tein), U.S. Pat. No. 5,118300 (xanthine derivatives), U.S. 
Pat. No. 5319,000 (peptides that include 4-25 amino acids 
and bind to tumor necrosis factor-a) and U-S. Pat No. 
5,641,751. 

[0233] C. Anti-viral vaccine, antibody and vir ally- 
activated immune cells and serum 

[0234] For treatment of viral infections, particularly hem- 
orrhagic fever infections, the tetracycline or tetracycline-like 
compounds and/or blood-derived composition may be 
administered in combination with an anti-viral vaccine, 
antibody and/or virally activated immune cells or serum. 

[0235] Any anti-viral vaccines, anti-viral antibodies, viral- 
activated immune cells and viral-activated immune serums, 
when used alone or in combination with other compounds, 
that can alleviate, reduce, ameliorate, prevent, or place or 
maintain in a state of remission of clinical symptoms or 
diagnostic markers associated with viral hemorrhagic dis- 
eases or disorders, particularly those viral hemorrhagic 
diseases or disorders caused by infection of a Bunyaviridae, 
a Filoviridae, a Flavrviridae, or an Arenaviridae virus, can be 



used in the present combinations and in the methods of 
treatment in combination with administration of a tetracy- 
cline compound. Exemplary anti-viral treatments are agents 
include but are not limited to the following. 

[0236] (1) Anti-viral vaccine 

[0237] Anti-viral vaccines can be prepared according to 
the methods known in the art (see Current Protocols in 
Immunology (Ed. Coligan et al.) John Wiley & Sons, Inc., 
1997). Any types of vaccines, including attenuated viruses, 
protein or peptide vaccines or nucleotide vaccines can be 
used. 

[0238] (a) Anti-Bunyaviridae Vaccine 

[0239] An anti- Bunyaviridae vaccine, preferably, an anti- 
Hantaan virus vaccine (see, e.g., U.S. Pat No. 5,298,423 
(nucleotide sequences coding for Hantaan virus nucleo- 
capsid protein and glycoproteins Gl and G2), U.S. Pat. No. 
5,183,658 (the purified and inactivated Hantaan virus 
ROK84/105), Chu, et al., J. ViroL, 69(10): 6417-23 (1995) (a 
vaccinia virus-vectored vaccine expressing the M and the S 
segments of Hantaan (HTN) virus)) can be used. 

[0240] (b) Anti-Filoviridae Vaccine 

[0241] An anti-Filoviridae vaccine, such as an anti-ebola 
virus vaccine is used (e.g., the vaccines described in Chu- 
purnov, et al., Vopr. VirusoL, 40(6>257-60 (1995) (inacti- 
vated viral agents (Nonlethal strain of the virus)), Lupton, et 
al., Lancet, 2(8207):1294-5 (1980) (inactivated vaccine) and 
Sergeev, et al., Vopr. VirusoL, 42(5):226-9 (1997) (immu- 
nomodifiers ridostin, reaferon, and polyribonate)) are used. 

[0242] In another embodiment, an anti-Marburg virus vac- 
cine is used (e.g., the vaccines described in Hevey, et al., 
Virology, 239(1):206-16 (1997) (Baculovirus recombinants 
were made to express the MBGV glycoprotein (GP) either 
as a full-length, cell-associated molecule or a slightly trun- 
cated (5.4%) product secreted into medium; and killed 
(irradiated) MBGV antigen)) can be used. 

[0243] (c) Anti-Flaviviridae Vaccine 

[0244] An anti-Flaviviridae vaccine, such as an anti-Den- 
gue virus vaccine, can be used (e.g., U.S. Pat No. 5,494,671, 
Becker, Virus Genes, 9(l):33-45 (1994) (Dengue fever virus 
and Japanse encephalitis virus synthetic peptides with motifs 
to fit HLA class I haplotypes), Blok, et al., Virology., 
187(2):573-90 (1992) (Dengue-2 virus vaccine), Dharakul, 
et al., J. Infect. Dis., 170(l):27-33 (1994) (live attenuated 
Dengue virus type 2 vaccine), Green, et al, J. ViroL, 
67(10):5962-7 (1993) (live attenuated Dengue virus type 1 
vaccine), Hoke, et al., Am. J. Trop. Med. Hyg., 43(2):219-26 
(1990) (attenuated Dengue 4 (341750 Carib) virus vaccine), 
Khin, et al., Am. J. Trop. Med. Hyg., 51(6):864-9 (1994), 
(Dengue-2 PDK53 candidate vaccine), Kinney, et al., Virol- 
ogy., 230(2):300-8 (1997) (attenuated vaccine derivative, 
strain PDK-53), Leblois, et al., Nucleic Acids Res., 
21(7):1668 (1993) (Dengue virus type 2 (strain PR-159) 
NS1 gene and its vaccine derivative), Marchette, et at, Am. 
J. Trop. Med. Hyg., 43(2):212-8 (1990) (attenuated Dengue 
4 (341750 Carib) virus vaccine), Price, et al., Am. J. Epi- 
demiol., 94{6):598-607 (1971) (injection with Dengue 
virus), Putnak, et al., Am. J. Trop. Med. Hyg., 55(5):504-10 
(1996) (purified, inactivated, Dengue-2 virus vaccine pro- 
totype made in fetal rhesus lung cells), Putnak, et al., /. 
Infect. Dis., 174(6): 1176-84(1996) (purified, inactivated, 
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Dengue -2 virus vaccine prototype in Vero cells), 
Schlesinger, et al., J Gen Virol, 68(3):853-7 (1987) (Dengue 
2 virus non-structural glycoprotein NS1)). 

[0245] (d) Anti-Arenaviridae Vaccine 

[0246] Anti-Arenaviridae vaccine such as, an anti-Junin 
vims vaccine (e.g., vaccines described in Boxaca, et al., 
Medicina (BAires), 41(4):25-34 (1981) (Variant XJO of 
Junin virus), Contigiani, et aL, Acta Virol, 37(l):41-6 (1993) 
(Candid 1 attenuated strain of Junin virus), Coto, et al., J 
Infect Dis., 141(3):389-93 (1980) (Protection of guinea pigs 
inoculated with Tacaribe virus against lethal doses of Junin 
virus), de Guerrero, et al., Acta Virol, 29(4):334-7 (1985) 
(attenuated XJO Junin virus (JV) strain), Ghiringhelli, et al., 
Am J Trap Med Hyg., 56(2):216-25 (1997) (Junin virus 
vaccine strain (Candid #1), Remesar, et al., Rev Argent 
Microbiol, 21(3-4): 120-6 (1989) (the attenuated XJC13 
Junin virus strain), SamoOovich, et al., Am J TropMedHyg., 
32(4):825-8 (1983) (attenuated XJC13 strain of Junin virus), 
Videla, et aL, J Med Virol, 29(3):215-20 (1989) (Formalin 
inactivated Junin virus: The XJ -Clone 3 strain of Junin 
virus) and Weissenbacher, et al., Intervirology., 6(l):42-9 
(1975-76) (Tacaribe virus)) can be used. 

[0247] An anti-Lassa vaccine can be used (e.g., vaccines 
described in Auperin, et al., Virus Res,, 9(2-3): 233-48 (1988) 
(a recombinant vaccinia virus expressing the Lassa virus 
glycoprotein gene), Fisher- Hoch, et al., fVoc Natl Acad Sci 
USA, 86(1)317-21 (1989) (a recombinant vaccinia virus 
expressing the Lassa virus glycoprotein gene), Kiley, et al., 
Lancet, 2(8145):738 (1979) (Immunization with closely 
related Arenavirus), Morrison, et al., Virology, 171 (1):1179- 
88 (1989) (Vaccinia virus recombinants expressing the 
nucleoprotein or the envelope glycoproteins of Lassa 
virus)). 

[0248] An anti-Machupo virus vaccine (see, e.g., Eddy, et 
al., Bull World Health Organ., 52(4-6):723-7 (1975)) can be 
used. 

[0249] (2) Anti-viral antibodies 

[0250] Anti-viral antibodies can be prepared according to 
the methods known in the art (see Current Protocols in 
Immunology (Ed. Coligan et al.) John Wiley & Sons, Inc., 
1997). Any types of antibodies, including polyclonal, mono- 
clonal, humanized, Fab fragment, (Fab) 2 fragment and Fc 
fragment, can be used. In a specific embodiment, a mono- 
clonal anti-viral antibody is used Preferably, the mono- 
clonal antibody is humanized. Also preferably, an IgG or 
IgM anti-viral antibody is used. 

[0251] (a) Ann-Bunyaviridae Antibody 

[0252] An anti-Bunyaviridae antibody, such as an anti- 
Hantaan virus antibody can be used (see, e.g., Kikuchi, et al., 
Arch. Virol, 143(l):73-83 (1998) (Neutralizing monoclonal 
antibody (MAb) to envelope protein Gl (16D2) and G2 
(11E10)), Liang, et al., Virology, 217(1):262-71 (1996) 
(MAb to G2(HC02)). 

[0253] (b) Anti-Filoviridae Antibody 

[0254] An anti-Filoviridae antibody, such as an anti-ebola 
virus antibody can be used (see, e.g., the following Genbank 
accession numbers for suitable antigenic proteins: 1EBOA- 
1EBOF, AAD14582-AAD14590, AAC57989-AAC57993, 
AAC54882-AAC54891, AAC24345-AAC24346, 



AAC09342, CAA47483, AAB81001-AAB81007, S23155, 
VHIWEB, S32584-S32585, AAB37092-AAB37097, 
AAA96744-AAA96745, AAA79970, CAA43578- 
CAA43579 and AAA42976-AAA42977, and for nucleic 
acids: AF086833, U77384-U77385, U8116-U23417, 
U23187, U23152, U23069,AF034645, AF054908, X67110, 
L11365, U28077, U28134, U28006, U31033, U23458, 
X61274, J04337 and M33062). 

[0255] An anti-Marburg antibody can be used. The anti- 
bodies can be raised against Marburg virus protein 
sequences with the following Genbank accession numbers 
are used: AAC4O455-AAC4O460, VfflWMV, RRIWMV, 
S44052-S44053, S33316, S32582-S32583, A45705, 
B45705, S44049, S44054, CAA78114-CAA78120, 
CAA82536-CAA82542, CAA45746-CAA45749, 
CAA48507-CAA48509 and AAA46562-AAA46563 or 
encoded by nucleic acid molecules containing nucleotide 
sequences with the following Genbank accession numbers 
are used: AF0G573O-AF005735, Z12132, Z29337, X64405- 
X64406, X68493-X68495, M72714, M92834 and M36065. 

[0256] (c) Anu-Flaviviridae Antibody 

[0257] An anti-Flaviviridae antibody,, such as an anti- 
Dengue virus antibody is used (see, e.g., Bhoopat, et al., 
Asian Pac. J. Allergy Immunol, 14(2):107-13 (1996), Hira- 
matsu, et al., Virology., 224(2):437^5 (1996) (mAb3H5), 
Roehrig, et al., Virology, 246(2):317-28 (1998) (Murine 
monoclonal antibodies (MAbs) specific for the envelope (E) 
glycoprotein of DEN 2 virus: Domains A and B), Tadano, et 
al.,/. Gen. Virol, 70 (6):1409-15 (1989) (MAb against the 
DEN-4 virus core protein Mr 15.5K), Trirawatanapong, et 
al., Gene, 116(2):139-50 (1992) (mAb3H5)). 

[0258] (d) Anti-Arenaviridae Antibody 

[0259] An anti-Arenaviridae antibody, such as an anti- 
Junin virus antibody can be used (see, e.g., the antibodies 
described in Mackenzie, et al., Am. J. Trop. Med. Hyg, 
14(6):1079-84 (1965)). 

[0260] An anti-Lassa antibody can be used (see, e.g., the 
antibodies described in Kuhitskaia, et al., Zh Mikrobiol 
Epidemiol Immunobiol, 3:67-70 (1991) and Schmitz, et aL, 
Med Microbiol Immunol (Berl)., 175(2-3):181-2 (1986)). 

[0261] An anti-Machupo antibody can be used (see, e.g., 
Mackenzie, et al., Am. J. Trop. Med. Hyg., 14(6):1079-84 
(1965)). 

[0262] (3) Viral- activated immune cell and 
serum 

[0263] Viral-activated immune cells and sera can be pre- 
pared according to the methods known in the art (see Current 
Protocols in Immunology (Ed. Coligan et al.) John Wiley & 
Sons, Inc., 1997). Among the cells that can be used for 
treatment are vir ally-activated cytotoxic cells (see, Asada, et 
al.,/. Gen. Virol, 68(7):1961-9 (1987) (Adoptive transfer of 
immune serum or immune T cells for treating Hantaan 
virus); Nakamura, et al., J. Infect Dis., 151(4):691-7 (1985) 
(Immune spleen cells for treating Hantaan virus); Jahrling, 
et al., /. Infect. Dis., 179(Suppll):S224-34 (1999) (Hyper- 
immune equine IgG for treating ebola virus); Mupapa, et al., 
J. Infect. Dis., 179(Suppll):S18-23 (1999) (Blood transfu- 
sions with blood donated by convalescent patients for treat- 
ing ebola virus), Avila, et al., J. Med. Virol, 21(l):67-74 
(1987) (Immune serum treatment of Junin virus infection), 
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Blejer, et al., Intervirobgy., 21(3): 174-7 (1984) (Immune 
serum treatment of Junin virus infection), Lerman, et al., 
Rev. Argent. Microbiol, 18(l):33-5 (1986) (Homologous 
hyperimmune serum (HIS) for treating Junin virus), and 
Jahrling, J. Med. Virol, 12(2):93-102 (1983) (Lassa-immune 
plasma of guinea pig, primate, and human origin)). 

[0264] (4) Small molecule anti-viral agents 

[0265] Any small molecule anti-viral agents, when used 
alone or in combination with other compounds, that can 
alleviate, reduce, ameliorate, prevent, or place or maintain in 
a state of remission of clinical symptoms or diagnostic 
markers associated with viral hemorrhagic diseases or dis- 
orders, particularly those viral hemorrhagic diseases or 
disorders caused by infection of a Bunyaviridae, a Filoviri- 
dae, a Flaviviridae, or an Arenaviridae virus, can be used in 
the present combinations and methods. 

[0266] For example, glycyrrhizinic acid and its derivatives 
for inhibition of Marburg virus reproduction (Pokrovskii, et 
sl.,DoklAkadNauk, 344(5):709-ll (1995)), Ribavirin (e.g., 
Ribavirin 2', 3 f , 5'-triacetate) for Inhibition of Dengue virus 
(Koff, et al., Antimicrob. Agents Chemother., 24(l):134-6 
(1983)), Riba-virin for inhibition of Lassa virus (Jahrling, et 
al.,/. Infect. Dis., 141 (5):580-9 (1980)), and Desferal (e.g., 
desferoxamine), Ribavirin for inhibition of Marburg virus 
(Ignatyev et al., Voprosy Virusologil, 41:206-209 (1996) can 
be used 

[0267] 2. Formulation and routes of administration 

[0268] The compounds, blood-derived compositions and 
agents are preferably formulated as pharmaceutical compo- 
sitions, preferably for single dosage administration. The 
concentrations of the compounds in the formulations or the 
protein concentration of the blood-derived composition are 
selected to be effective for delivery of an amount, upon 
administration, that is effective for the intended treatment. 
Typically, the compositions are formulated for single dosage 
administration. 

[0269] To formulate a composition, the weight fraction of 
a compound or mixture thereof is dissolved, suspended, 
dispersed or otherwise mixed in a selected vehicle at an 
effective concentration such that the treated condition is 
relieved or ameliorated. Pharmaceutical carriers or vehicles 
suitable for administration of the compounds provided 
herein include any such carriers known to those skilled in the 
art to be suitable for the particular mode of administration. 

[0270] Effective concentration of the blood-derived com- 
positions can be empirically determined. Plasma and serum 
may be administered without further processing or pro- 
cessed according to known methods. 

[0271] In addition, the compounds may be formulated as 
the sole pharmaceutical^ active ingredient in the composi- 
tion or may be combined with other active ingredients. 
Liposomal suspensions, including tissue-targeted liposomes, 
may also be suitable as pharmaceutical^ acceptable carriers. 
These may be prepared according to methods known to 
those skilled in the art. For example, liposome formulations 
may be prepared as described in U.S. Pat. No. 4,522,811. 

[0272] The active compound is included in the pharma- 
ceutically acceptable carrier in an amount sufficient to exert 
a therapeutically useful effect in the absence of undesirable 
side effects on the patient treated. The therapeutically effec- 



tive concentration may be determined empirically by testing 
the compounds in known in vitro and in vivo systems, such 
as the assays provided herein. 

[0273] The concentration of active compound in the drug 
composition will depend on absorption, inactivation and 
excretion rates of the active compound, the physicochemical 
characteristics of the compound, the dosage schedule, and 
amount administered as well as other factors known to those 
of skill in the art. 

[0274] Typically a therapeutically effective dosage The 
amounts administered may be on the order of 0.001 to 1 
mg/ml, preferably about 0.005-0.05 mg/ml, more preferably 
about 0.01 mg/ml, of blood volume Pharmaceutical dosage 
unit forms are prepared to provide from about 1 mg to about 
1000 mg and preferably from about 10 to about 500 mg, 
more preferably about 25-75 mg of the essential active 
ingredient or a combination of essential ingredients per 
dosage unit form. The precise dosage can be empirically 
determined. 

[0275] The active ingredient may be administered at once, 
or may be divided into a number of smaller doses to be 
administered at intervals of time. It is understood that the 
precise dosage and duration of treatment is a function of the 
disease being treated and may be determined empirically 
using known testing protocols or by extrapolation from in 
vivo or in vitro test data. It is to be noted that concentrations 
and dosage values may also vary with the severity of the 
condition to be alleviated. It is to be further understood that 
for any particular subject, specific dosage regimens should 
be adjusted over time according to the individual need and 
the professional judgment of the person administering or 
supervising the administration of the compositions, and that 
the concentration ranges set forth herein are exemplary only 
and are not intended to limit the scope or use of the claimed 
compositions and combinations containing them. 

[0276] Preferred pharmaceutically acceptable derivatives 
include acids, salts, esters, hydrates, solvates and prodrug 
forms. The derivative is typically selected such that its 
pharmacokinetic properties are superior to the correspond- 
ing neutral compound. 

[0277] Thus, effective concentrations or amounts of one or 
more of the compounds provided herein or pharmaceutically 
acceptable derivatives thereof are mixed with a suitable 
pharmaceutical carrier or vehicle for systemic, topical or 
local administration to form pharmaceutical compositions. 
Compounds are included in an amount effective for ame- 
liorating or treating the disorder for which treatment is 
contemplated. The concentration of active compound in the 
composition will depend on absorption, inactivation, excre- 
tion rates of the active compound, the dosage schedule, 
amount administered, particular formulation as well as other 
factors known to those of skill in the art. 

[0278] Solutions or suspensions used for parenteral, intra- 
dermal, subcutaneous, or topical application can include any 
of the following components: a sterile diluent, such as water 
for injection, saline solution, fixed oil, polyethylene glycol, 
glycerine, propylene glycol or other synthetic solvent; anti- 
microbial agents, such as benzyl alcohol and methyl para- 
bens; antioxidants, such as ascorbic acid and sodium 
bisulfite; chelating agents, such as ethylenediaminetetraace- 
tic acid (EDTA); buffers, such as acetates, citrates and 
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phosphates; and agents for the adjustment of tonicity such as 
sodium chloride or dextrose. Parenteral preparations can be 
enclosed in ampules, disposable syringes or single or mul- 
tiple dose vials made of glass, plastic or other suitable 
material. 

[0279] Id instances in which the compounds exhibit insuf- 
ficient solubility, methods for sohibilizing compounds may 
be used. Such methods are known to those of skill in this art, 
and include, but are not limited to, using cosolvents, such as 
dimethylsulfoxide (DMS0), using surfactants, such as 
Tween®, or dissolution in aqueous sodium bicarbonate. 
Derivatives of the compounds, such as prodrugs of the 
compounds may also be used in formulating effective phar- 
maceutical compositions. For ophthalmic indications, the 
compositions are formulated in an ophthalmically accept- 
able carrier. For the ophthalmic uses herein, local adminis- 
tration, either by topical administration or by injection is 
preferred. Time release formulations are also desirable. 
Typically, the compositions are formulated for single dosage 
administration, so that a single dose administers an effective 
amount 

[0280] Upon mixing or addition of the compound with the 
vehicle, the resulting mixture may be a solution, suspension, 
emulsion or other composition. The form of the resulting 
mixture depends upon a number of factors, including the 
intended mode of administration and the solubility of the 
compound in the selected carrier or vehicle. If necessary, 
pharmaceutically acceptable salts or other derivatives of the 
compounds may be prepared. 

[0281] The compound is included in the pharmaceutically 
acceptable carrier in an amount sufficient to exert a thera- 
peutically useful effect in the absence of undesirable side 
effects on the patient treated. It is understood that number 
and degree of side effects depends upon the condition for 
which the compounds are administered. For example, cer- 
tain toxic and undesirable side effects are tolerated when 
treating life-threatening illnesses that would not be tolerated 
when treating disorders of lesser consequence. The concen- 
tration of compound in the composition will depend on 
absorption, inactivation and excretion rates thereof, the 
dosage schedule, and amount administered as well as other 
factors known to those of skill in the art. 

[0282] The compounds can also be mixed with other 
active materials, that do not impair the desired action, or 
with materials that supplement the desired action, such as 
cardiovascular drugs, antibiotics, anticoagulants and other 
such agents known to those of skill in the art for treating 
hemorrhagic viral infections, shock, infection, trauma and 
other disorders for which the treatments provided herein are 
contemplated. 

[0283] Upon mixing or addition of the compound(s), the 
resulting mixture may be a solution, suspension, emulsion or 
the like. The form of the resulting mixture depends upon a 
number of factors, including the intended mode of admin- 
istration and the solubility of the compound in the selected 
carrier or vehicle. The effective concentration is sufficient 
for ameliorating the symptoms of the disease, disorder or 
condition treated and may be empirically determined. 

[0284] The formulations of the compounds and agents for 
use herein include those suitable for oral, rectal, topical, 
inhalational, buccal (e.g., sublingual), parenteral (e.g., sub- 



cutaneous, intramuscular, intradermal, or intravenous), 
transdermal administration or any route. The most suitable 
route in any given case will depend on the nature and 
severity of the condition being treated and on the nature of 
the particular active compound which is being used. 

[0285] The formulations are provided for administration 
to humans and animals in unit dosage forms, such as tablets, 
capsules, pills, powders, granules, sterile parenteral solu- 
tions or suspensions, and oral solutions or suspensions, and 
oil-water emulsions containing suitable quantities of the 
compounds or pharmaceutically acceptable derivatives 
thereof. The pharmaceutically therapeutically active com- 
pounds and derivatives thereof are typically formulated and 
administered in unit-dosage forms or multiple-dosage forms. 
Unit-dose forms as used herein refers to physically discrete 
units suitable for human and animal subjects and packaged 
individually as is known in the art. Each unit-dose contains 
a predetermined quantity of the therapeutically active com- 
pound sufficient to produce the desired therapeutic effect, in 
association with the required pharmaceutical carrier, vehicle 
or diluent. Examples of unit-dose forms include ampules 
and syringes and individually packaged tablets or capsules. 
Unit-dose forms may be administered in fractions or mul- 
tiples thereof. A multiple-dose form is a plurality of identical 
unit-dosage forms packaged in a single container to be 
administered in segregated unit-dose form. Examples of 
multiple-dose forms include vials, bottles of tablets or 
capsules or bottles of pints or gallons. Hence, multiple dose 
form is a multiple of unit-doses which are not segregated in 
packaging. 

[0286] The composition can contain along with the active 
ingredient: a diluent such as lactose, sucrose, dicalcium 
phosphate, or carboxymethylcelhilose; a lubricant, such as 
magnesium stearate, calcium stearate and talc; and a binder 
such as starch, natural gums, such as gum acaciagelatin, 
glucose, molasses, polvinylpyrrolidine, celluloses and 
derivatives thereof, povidone, crospovidones and other such 
binders known to those of skill in the art. Liquid pharma- 
ceutically administrate compositions can, for example, be 
prepared by dissolving, dispersing, or otherwise mixing an 
active compound as defined above and optional pharmaceu- 
tical adjuvants in a carrier, such as, for example, water, 
saline, aqueous dextrose, glycerol, glycols, ethanol, and the 
like, to thereby form a solution or suspension. If desired, the 
pharmaceutical composition to be administered may also 
contain minor amounts of nontoxic auxiliary substances 
such as wetting agents, emulsifying agents, or sohibilizing 
agents, pH buffering agents and the like, for example, 
acetate, sodium citrate, cyclodextrine derivatives, sorbitan 
monolaurate, triethanolamine sodium acetate, triethanola- 
mine oleate, and other such agents. Actual methods of 
preparing such dosage forms are known, or will be apparent, 
to those skilled in this art; for example, see Remington's 
Pharmaceutical Sciences, Mack Publishing Company, Eas- 
tern, Pa., 15th Edition, 1975. The composition or formulation 
to be administered will, in any event, contain a quantity of 
the active compound in an amount sufficient to alleviate the 
symptoms of the treated subject. 

[0287] Dosage forms or compositions containing active 
ingredient in the range of 0.005% to 100% with the balance 
made up from non-toxic carrier may be prepared. For oral 
administration, a pharmaceutically acceptable non-toxic 
composition is formed by the incorporation of any of the 
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normally employed excipients, such as, for example phar- 
maceutical grades of mannitol, lactose, starch, magnesium 
stearate, talcum, cellulose derivatives, sodium crosscarmel- 
lose, glucose, sucrose, magnesium carbonate or sodium 
saccharin. Such compositions include solutions, suspen- 
sions, tablets, capsules, powders and sustained release for- 
mulations, such as, but not limited to, implants and microen- 
capsulated delivery systems, and biodegradable, 
biocompatible polymers, such as collagen, ethylene vinyl 
acetate, polyanhydrides, polyglycolic acid, polyorthoesters, 
polylactic acid and others. Methods for preparation of these 
formulations are known to those skilled in the art. 

[0288] For oral administration, the pharmaceutical com- 
positions may take the form of, for example, tablets or 
capsules prepared by conventional means with pharmaceu- 
tically acceptable excipients such as binding agents (e.g., 
pregelatinized maize starch, polyvinyl pyrrolidone or 
hydroxypropyl methylcellulose); fillers (e.g., lactose, micro- 
crystalline cellulose or calcium hydrogen phosphate); lubri- 
cants (e.g., magnesium stearate, talc or silica); disintegrants 
(e.g., potato starch or sodium starch glycolate); or wetting 
agents (e.g., sodium lauryl sulphate). The tablets may be 
coated by methods well-known in the art. The pharmaceu- 
tical preparation may also be in liquid form, for example, 
solutions, syrups or suspensions, or may be presented as a 
drug product for reconstitution with water or other suitable 
vehicle before use. Such liquid preparations may be pre- 
pared by conventional means with pharmaceutically accept- 
able additives such as suspending agents (e.g., sorbitol 
syrup, cellulose derivatives or hydrogenated edible fats); 
emulsifying agents (e.g., lecithin or acacia); non-aqueous 
vehicles (e.g., almond oil, oily esters, or fractionated veg- 
etable oils); and preservatives (e.g., methyl or propyl-p- 
hydroxybenzoates or sorbic acid). 

[0289] Formulations suitable for rectal administration are 
preferably presented as unit dose suppositories. These may 
be prepared by admixing the active compound with one or 
more conventional solid carriers, for example, cocoa butter, 
and then shaping the resulting mixture. 

[0290] Formulations suitable for topical application to the 
skin or to the eye preferably take the form of an ointment, 
cream, lotion, paste, gel, spray, aerosol, or oiL Carriers 
which may be used include vaseline, lanoline, polyethylene 
glycols, alcohols, and combinations of two or more thereof. 
The topical formulations may further advantageously con- 
tain 0.05 to 15 percent by weight of thickeners selected from 
among hydroxypropyl methyl cellulose, methyl cellulose, 
polyvinylpyrrolidone, polyvinyl alcohol, poly (alkylene gly- 
cols), poly/hydroxyalkyl, (meth)acrylates or poly- 
(meth)acTylarmdes. The topical formulations is most often 
applied by instillation or as an ointment into the conjunctival 
sac. It, however, can also be used for irrigation or lubrication 
of the eye, facial sinuses, and external auditory meatus. It 
may also be injected into the anterior eye chamber and other 
places. The topical formulations in the liquid state may be 
also present in a hydrophilic three-dimensional polymer 
matrix in the form of a strip, contact lens, and the like from 
which the active components are released. 

[0291] For administration by inhalation, the compounds 
for use herein can be delivered in the form of an aerosol 
spray presentation from pressurized packs or a nebulizer, 
with the use of a suitable propellant, e.g., dichlorodifluo- 



romethane, trichlorofluoromethane, dichlorotetrafluoroet- 
hane, carbon dioxide or other suitable gas. In the case of a 
pressurized aerosol, the dosage unit may be determined by 
providing a valve to deliver a metered amount Capsules and 
cartridges of, e.g., gelatin, for use in an inhaler or insufflator 
may be formulated containing a powder mix of the com- 
pound and a suitable powder base such as lactose or starch. 

[0292] Formulations suitable for buccal (sublingual) 
administration include lozenges containing the active com- 
pound in a flavored base, usually sucrose and acacia or 
tragacanth; and pastilles containing the compound in an inert 
base such as gelatin and glycerin or sucrose and acacia. 

[0293] The compounds may be formulated for parenteral 
administration by injection, e.g., by bolus injection or con- 
tinuous infusion. Formulations for injection may be pre- 
sented in unit dosage form, e.g., in ampules or in multi-dose 
containers, with an added preservative. The compositions 
may take such forms as suspensions, solutions or emulsions 
in oily or aqueous vehicles, and may contain formulatory 
agents such as suspending, stabilizing and/or dispersing 
agents. Alternatively, the active ingredient may be in powder 
form for constitution with a suitable vehicle, e.g., sterile 
pyrogen-free water or other solvents, before use. 

[0294] Formulations suitable for transdermal administra- 
tion may be presented as discrete patches adapted to remain 
in intimate contact with the epidermis of the recipient for a 
prolonged period of time. Such patches suitably contain the 
active compound as an optionally buffered aqueous solution 
of, for example, 0.1 to 0.2 M concentration with respect to 
the said active compound. Formulations suitable for trans- 
dermal administration may also be delivered by iontophore- 
sis (see, e.g., Pharmaceutical Research 3 (6), 318 (1986)) 
and typically take the form of an optionally buffered aqueous 
solution of the active compound. 

[0295] In addition to the common dosage forms set out 
above, the pharmaceutical compositions may also be admin- 
istered by controlled release means and/or delivery devices 
such as those described in U.S. Pat Nos. 3,536,809; 3,598, 
123; 3,630,200; 3,845,770, 3,847,770; 3,916399; 4,008, 
719; 4,687,610; 4,769,027; 5,059,595; 5,073,543; 5,120, 
548; 5,354,566; 5,591,767; 5,639,476; 5,674,533 and 5,733, 
566. 

[0296] Also provided are combinations for carrying out 
the therapeutic regimens. Such combinations, which may be 
packaged in the form of kits, contain one or more containers 
with therapeutically effective amounts of one or more tet- 
racycline compounds and an anti-viral-hemorrhagic agent, 
in pharmaceutically acceptable form. The tetracycline com- 
pounds and the anti-viral-hemorrhagic agent, either sepa- 
rately or in a mixture, may be in the form of a pharmaceu- 
tically acceptable solution, e.g., in combination with sterile 
saline, dextrose solution, or buffered solution, or other 
pharmaceutically acceptable sterile fluid. Alternatively, the 
tetracycline compound and the anti-viral-hemorrhagic 
agent, either separately or in a mixture, may be lyophilized 
or desiccated; in this instance, the kit optionally further 
comprises in a container a pharmaceutically acceptable 
solution (e.g., saline, dextrose solution, etc.), preferably 
sterile, to reconstitute the tetracycline compound and the 
anti-viral-hemorrhagic agent to form a solution for injection 
purposes. 

[0297] In another embodiment, a kit further comprises a 
needle or syringe, preferably packaged in sterile form, for 
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injecting the complex, and/or a packaged alcohol pad. 
Instructions are optionally included for adrninistration of the 
tetracycline compound and the anti-viral-hemorrhagic agent 
by a clinician or by the patient. 

[0298] The magnitude of a therapeutic dose of the tetra- 
cycline compound(s), alone or in combination with the 
anti-viral-hemorrhagic agent will vary with the severity of 
the condition to be treated and the route of administration. 
The dose, and perhaps dose frequency, will aJso vary accord- 
ing to the age, body weight, condition and response of the 
individual patient Dosage and administration may be 
empirically determined. 

[0299] Desirable blood levels may be maintained by a 
continuous infusion of the tetracycline compound(s) and/or 
the anti-viral-hemorrhagic agent as ascertained by plasma 
levels. It should be noted that the attending physician would 
know how to and when to terminate, interrupt or adjust 
therapy to lower dosage due to toxicity, or bone marrow, 
liver or kidney dysfunctions. Conversely, the attending 
physician would also know how to and when to adjust 
treatment to higher levels if the clinical response is not 
adequate (precluding toxic side effects). 

[0300] The efficacy and/or toxicity of the tetracycline 
compound(s), alone or in combination with the anti-viral- 
hemorrhagic agent can also be assessed by the methods 
known in the art, i.e., in animal models and/or clinical 
studies. For example, the efficacy and/or toxicity can be 
assessed in the animal models described in the following 
literatures: Huggins et al.,7. Infect. Dis., 179(Suppl):S240- 
247 (1999) (ebola virus leathal mouse model); Lupton et al., 
Lancet, 2(8207): 1294-5 (1980) (ebola virus guineapig 
model); Johnson et al., /. Virol, 73(l):783-786 (1999) 
(Dengue virus mouse model); Campetella et al., J. Med 
Viroi, 26(4):443-51 (1988) (Junin virus murine model); de 
Guerreol et al., J. Med. Virol, 15(2): 197-202 (1985) (Junin 
virus guineapig model); Boxaca et al., Acta Virol, 
28(3): 198-203 (1984) (Junin virus guineapig model); Blejer 
et al., Medicina (B Aires), 43(6Pt2):898 (1983) (Junin virus 
rat model); and Frigerio et al., Medicina (B Aires), 
38(5):603-4 (1978) (experimental model in Argentinean 
hemorrhagic fever). 

[0301] Any suitable route of administration may be 
employed for providing the patient with an effective dosage 
of the tetracycline compound(s), alone or in combination 
with the anti-viral-hemorrhagic agent. For example, oral, 
transdermal, iontophoretic, parenteral (subcutaneous, intra- 
muscular, intrathecal and the like) may be employed. Dos- 
age forms include tablets, troches, cachet, dispersions, sus- 
pensions, solutions, capsules, patches, and the like. (See, 
Remington's Pharmaceutical Sciences). 

[0302] The active compounds or pharmaceutical! y accept- 
able derivatives may be prepared with carriers that protect 
the compound against rapid elimination from the body, such 
as time release formulations or coatings. 

[0303] Finally, the compounds may be packaged as 
articles of manufacture containing packaging material, a 
compound or suitable derivative thereof provided herein, 
which is effective for treatment of a viral hemorrhagic 
disease, within the packaging material, and a label that 
indicates that the compound or a suitable derivative thereof 
is for treating hemorrhagic diseases or shock or other 



disorder contemplated herein. The label can optionally 
include the disorders for which the therapy is warranted. 

[0304] E. Blood-derived Compositions and Methods of 
Treatment 

[0305] 1. Blood-derived compositions and processes 
for producing compositions for treating diseases and 
disorders characterized by or associated with acute 
inflammatory responses 

[0306] Also provided herein, are methods for preparing 
blood-derived compositions for treatment of the diseases 
and disorders characterized by or associated with acute 
inflammatory responses. The diseases and disorders contem- 
plated herein include, but are not limited to, the viral 
hemorrhagic fevers, bacterial sepsis, viral hemorrhagic dis- 
eases as well as any disorder involving a cytotoxic immune 
response, including, but not limited to sepsis, cachexia, 
rheumatoid arthritis, chronic myelogenous leukemia and 
transplanted bone marrow-induced graft -versus-host dis- 
ease, septic shock, immune complex-induced colitis, cere- 
brospinal fluid inflammation, autoimmune disorders, mul- 
tiple sclerosis and other such disorders that involve release 
of inflammatory response mediators, including tumor necro- 
sis factor (TNF) interleukins, particularly IL-1, and other 
interleukins including IL-6 and IL-S, chemokines platelet- 
activating factor (PAF), prostaglandins and leukotrienes 
(see, e.g., (1991) Ann. Intern. Med. 115: 464-466 for a more 
comprehensive listing). 

[0307] Processes for producing these compositions are 
provided. The compositions are produced by contacting 
blood or fraction thereof either in vitro or in vivo with one 
or more tetracycline or tetracycline-like compounds in an 
sufficient amount and for a sufficient time to produce a 
response that is assessed by measuring the level of IL-1 
and/or TNF receptors, using any standard assay, and looking 
for about a 3-fold or greater increase. The resulting blood or 
composition can be processed further or injected, preferably 
into a species and blood-type matched mammalian recipient. 

[0308] Further processing can be used to isolate fractions 
thereof that exhibit the anti-inflammatory properties of the 
unfractionated properties. Fractions include, but are not 
limited to, the y-globuline fraction, the AHF (anti-hemo- 
philia factor, the albumin fraction, serum and plasma. Each 
fraction can be tested in model systems, such as those 
exemplified herein (see EXAMPLES) to identify active 
fractions. In addition or alternatively, fractions of interest are 
those that contain TNF and/or IL-1 receptors. The TNF and 
IL-1 receptors serve as indicators of the fractions of interest 
which contain other components that may contribute to the 
observed effectiveness of the blood-derived fractions in 
treating the acute inflammatory disorders. 

[0309] In one embodiment, the process includes the steps 
of administering one or more tetracycline or tetracycline- 
like compound(s) to a mammal; b) collecting blood from the 
mammal; and c) recovering serum or plasma from the 
collected blood. Before step a) the baseline level of an 
indicator of stimulation is obtained. Preferably the level of 
IL-1 or TNF receptors is assessed, although the level of other 
cytokines and receptors, such as IL-16 (LCF — chemotactic 
for CD4, T-lymphocytes), or IL-2 receptors, is assessed 
using standard methods (i.e., R&D Systems, makes a variety 
of reagents to test for interleukins and receptors therefor). In 
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some instances and for certain diseases, cells that produce 
particular factors may be identified, and those cells stimu- 
lated in vitro or in vivo to produce compositions for treat- 
ment of those diseases. 

[0910] The resulting recovered serum and plasma can be 
used to administer to mammals exhibiting an acute inflam- 
matory response, such as that associated with infection with 
a hemorrhagic virus or otherwise exhibiting symptoms of a 
septic reaction, such as shock, and the other disorders 
enumerated herein or known to involve a deleterious inflam- 
matory response. The plasma or serum can be further 
fractionated and tested in model systems to identify active 
fractions. Any tetracycline or tetracycline-like compound 
provided herein or known to those of skill in the art is 
contemplated for use. 

[0311] For in vitro preparation, blood or a fraction thereof 
is contacted with a tetracycline or tetracycline-like com- 
pound^) or other agent, such as a virus, for time sufficient 
to observe at least a three-fold increase from baseline in the 
level of TNF or LL-1 receptors. The medium from the blood 
or fraction is isolated and further processed, such as by 
further fractionation, or concentration, and then it is admin- 
istered to a mammal with an acute inflammatory disease, 
condition or disorder. 

[0312] In one embodiment, white cells are harvested from 
the bufly coat of blood. The cells are treated, for example 
with Sendei virus to stimulate production of a-interferon, 
and the supernatant or medium from the cells is isolated. 
Any process whereby TNF, or IL-1 receptors can be gener- 
ated, in vitro or in vivo can be used, and the resulting blood 
product or a derivative thereof administered. 

[0313] a. Preparation of Serum and Plasma 

[0314] Serum or plasma can be recovered from the col- 
lected blood by any methods known in the art. In one 
specific embodiment, the serum or plasma is recovered from 
the collected blood by centrifugation. Preferably, the cen- 
trifugation is conducted in the presence of a sealant having 
a specific gravity greater than that of the serum or plasma 
and less than that of the blood corpuscles which will form 
the lower, whereby upon centrifugation, the sealant forms a 
separator between the upper serum or plasma layer and the 
lower blood corpuscle layer. The sealants that can be used in 
the processes include, but are limited to, styrene resin 
powders (Japanese Patent Publication No. 38841/1973), 
pellets or plates of a hydrogel of a crosslinked polymer of 
2-hydroxyethyl methacrylate or acrylamide (U.S. Pat. No. 
3,647,070), beads of polystyrene bearing an antithrombus 
agent or a wetting agent on the surfaces (U.S. Pat. No. 
3,464390) and a silicone fluid (U.S. Pat. Nos. 3,852,194 and 
3,780,935). In a preferred embodiment, the sealant is a 
polymer of unsubstituted alkyl acrylates and/or unsubsti- 
tuted alkyl methacrylates, the alkyl moiety having not more 
than 18 carbon atoms, the polymer material having a specific 
gravity of about 1.03 to 1.08 and a viscosity of about 5,000 
to 1,000,000 cps at a shearing speed of about 1 second -1 
when measured at about 25° C. (U.S. Pat. No. 4,140,631). 

[0315] In another specific embodiment, the serum or 
plasma is recovered from the collected blood by filtration. 
Preferably, the blood is filtered through a layer of glass fibers 
with an average diameter of about 0.2 to Sfi and a density of 
about 0.1 to OS g/cm 3 , the total volume of the plasma or 



serum to be separated being at most about 50% of the 
absorption volume of the glass fiber layer, and collecting the 
run-through from the glass fiber layer which is plasma or 
serum (U.S. Pat No. 4,477,575). Also preferably, the blood 
is filtered through a layer of glass fibers having an average 
diameter 0.5 to 2.5p impregnated with a polyacrylic ester 
derivative and polyethylene glycol (U.S. Pat. No. 5,364, 
533). More preferably, the polyacrylic ester derivative is 
poly(butyl acrylate), poly(methyl acrylate) or poly(ethyl 
acrylate), and (a) poly(butyl acrylate), (b) poly(methyl acry- 
late) or poly(ethyl acrylate) and (c) polyethylene glycol are 
used in admixture at a ratio of (10-12):(l-4):(l-4). In still 
another specific embodiment, the serum or plasma is recov- 
ered from the collected blood by treating the blood with a 
coagulant containing a lignan skelton having oxygen-con- 
taining side chains or rings (U.S. Pat. No. 4,803,153). 
Preferably, the coagulant comprises a lignan skelton having 
oxygen-containing side chains or rings, e.g., d-sesamin, 
I-sesamin, paulownin, d-asarinin, I-asarinin, 2a-paulownin, 
6a-paulownin, pinoresinol, d-eudesmin, I-pinoresinol p-D- 
glucoside, I-pinoresinol, I-pinoresinol monomethyl ether 
p-D-glucoside, epimagnolin, lirioresinol-B, syringaresinol 
(dl), lirioresinonB-dimethyl ether, phillyrin, magnolin, liri- 
oresinol-A, 2a, 6a-d-sesamin, d-diaeudesmin, lirioresinol-C 
dimethyl ether (ddiayangambin) and sesamolin. More pref- 
erably, the coagulant is used in an amount ranging from 
about 0.01 to 50 g per 1 L of the blood 

[0316] b. Further Fractionation of Plasma 

[0317] Blood plasma or sera can be further separated into 
different fractions, including, inter alia, an albumin -contain- 
ing fraction, a globulin-containing fraction and an AHF- 
containing fraction. Methods for preparing these fractions 
are known in the arts. Generally, these methods comprise 
one or more of the following procedures: (a) fractional 
precipitation with ammonium sulfate and similar salts; (b) 
organic solvent precipitation with cold ethanol or acetone 
and other such alcohols and ketones; (c) selective adsorption 
on calcium phosphate gels or with barium sulfate; (d) 
isoelectric precipitation by pH adjustment to the point at 
which there is no net charge on a given protein; and (e) 
chromatography by use of adsorbents such as CM- or 
DEAE-celfulose or by "Sephadex" gel filtration. Other pro- 
cedures for selectively fractionating and purifying blood 
proteins involve the use of amino acids such as glycine and 
beta alanine, water-soluble organic polymers such as poly- 
ethylene glycol and polypropylene glycol, and water-in- 
soluble polyelectrolyte polymers containing basic amino 
groups such as the dimemylaminopropylimide group. 

[0318] (1) Preparation of Albumin-Containing 
Fraction 

[0319] The plasma can further be separated into a fraction 
containing albumin by any methods known in the art. In one 
specific embodiment, the dbumm-containing fraction is 
prepared by selective precipitation with block copolymers of 
ethylene oxide and polyoxypropylene polymer from the 
plasma (U.S. Pat. No. 4,025,500). 

[0320] In another specific embodiment, the albumin-con- 
taining fraction is prepared by: (a) diluting the plasma in 
liquid form with a Nad solution containing disodium 
ethylene dinitrilo tetraacetate and an albumin stabilizer; (b) 
adjusting the pH of the plasma solution resulting from step 
(a) to about 6.2; (c) heating the plasma solution from step (b) 
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at about 60° C. for about Vh hours; (d) cooling the plasma 
solution to about 10° C; (e) precipitating impurities from the 
solution with polyethylene glycol at a concentration of about 
18-20% with the albumin remaining in the supernatant; (f) 
isoelectrically precipitating albumin from the supernatant at 
a pH of about 4.6; and (g) recovering the albumin-containing 
fraction (U.S. Pat. No. 4,164,496). Preferably, the albumin 
stabilizer is sodium caprylate. 

[0921] In still another specific embodiment, the albumin- 
containing fraction is prepared by: (a) adjusting the pH of 
the plasma in liquid form to about 6.7; (b) heating the plasma 
at about 60° C for about VA hours; (c) adjusting the pH of 
the plasma to about 5.7; (d) precipitating impurities from the 
plasma by the addition of ethanol in an amount sufficient to 
give a final concentration of about 40 to 44% in the plasma 
along with cooling of the plasma to about -5° C, with the 
albumin remaining in the supernatant; and (e) precipitating 
albumin-containing fraction from the supernatant at a pH of 
about 4.8. (U.S. Pat. No. 4,222,934). 

[0922] A blood group substance can be removed from the 
albumin-containing fraction. It can be removed for example, 
by treating the albumin-containing fraction with polyethyl- 
ene glycol at pH of about 6.6 to 8.0, the effective polyeth- 
ylene glycol concentration in the aqueous albumin solution 
being about 13 to 20% (w/v), in the presence of an inorganic 
salt at a concentration of at most 50 g/liter measured as 
sodium chloride and at a temperature in the range of about 
2° C. to 30° C, the resulting polyethylene glycol/albumin 
solution having a protein concentration of about 5 to 40 
g/liter, thereby precipitating and removing contaminant pro- 
teins containing the blood-group substance (U.S. Pat No. 
4,197,238). 

[0323] Alternatively, the a blood group substance can be 
removed from the albumin-containing fraction by treating 
the albumin-containing fraction with polyethylene glycol at 
pH of about 8.0 to 9.6, the effective polyethylene glycol 
concentration in the aqueous albumin solution being about 
15 to 30% (w/v), in the presence, of an inorganic salt at a 
concentration of at most 50 g/liter measured as sodium 
chloride and at a temperature in the range of about 2° C. to 
30° C, the resulting polyethylene glycol/albumin solution 
having a protein concentration of about 5 to 40 g/liter, 
thereby precipitating and removing contaminant proteins 
containing the blood-group substance (U.S. Pat. No. 4,197, 
238). 

[0324] In another alternative method, the steps for remov- 
ing a blood group substance from the albumin -containing 
fraction include treating the albumin -containing fraction 
with polyethylene glycol having an average molecular 
weight in the range of about 2,000 to 10,000 at pH of about 
6.6 to 9.6, the effective polyethylene glycol concentration in 
the aqueous albumin solution being about 13 to 20% (w/v), 
in the presence of an inorganic salt at a concentration of at 
most 50 g/liter measured as sodium chloride and at a 
temperature in the range of about 2° C. to 30° C, the 
resulting polyethylene glycol/albumin solution having a 
protein concentration of about 5 to 40 g/liter, thereby pre- 
cipitating and removing contaminant proteins containing the 
blood-group substance (U.S. Pat. No. 4,197,238). 

[0325] Polymer content and al-AGP content can be 
reduced in the albumin-containing fractiom such as by 
subjecting the albumin -containing fraction to ion exchange 



separation using an anion exchanger, the anion exchange 
separation is carried out at a pH ranging from about 5.1 to 
5.5 (U.S. Pat No. 5,277,818). 

[0326] (2) Preparation of Globulin-Containing 
Fraction 

[0327] The globulin-containing fraction can be prepared 
according to any methods known in the art. For example, 
conventional methods such as Cohn alcohol fractionating 
process (Kisder et al. (1962) Vox Sang, 7:414); and Cohn et 
al. (1946) J. Am. Chem. Soc. 68:459^75) and the Rivanol 
ammonium sulfate fractionation (Horejsi et al. (1956) Acta 
Med Scand. 155: 65) can be used. 

[0328] Alternatively, other known methods can be used 
(see, e.g., U.S. Pat. Nos. 4,347,138 and 5,310,877). U.S. Pat 
No. 4,347,138 describes a method of separating serum 
albumin and a serum y-globulin from each other in a solution 
using a semipermeable membrane by forcing the blood 
serum protein mixture solution through an ultrafiltration 
membrane having a cut off molecular weight of about 
100,000 and composed of an aromatic polyether sulfone, 
while adjusting the total protein concentration and salt 
concentration in the mixture solution to not more than 4 g/dl 
and not more than 0.6 mole/I, respectively, and also adjust- 
ing the pH of the solution to a value of from about 3.8 to 
about 4.7. Preferably, the pH of the blood serum protein 
mixture solution is adjusted to a value of from 3.9 to 43. 
Also preferably, the salt contained in the blood serum 
protein mixture solution is sodium chloride or other physi- 
ologically acceptable salt. 

[0329] U.S. Pat. No. 5310,877 describes a method for the 
separation of gamma globulin from albumin contained in an 
aqueous solution of both by ultrafiltration using a microfilter 
having a water permeability of 0.2-25 gallons per square 
foot per day per pound per square inch including a porous 
solid filter substrate one surface of which is impregnated 
with particulate solids affixed within the pores of the sub- 
strate having an average particle size of about 0.1-05 
micrometer at the feed interface, the aqueous solution being 
characterized in that the total concentration of protein in the 
aqueous solution is about 0.1-2% by weight, the pH of the 
aqueous solution is 8-10 and the solution contains no more 
than about 0.01 mole per liter of inorganic electrolyte, the 
albumin being enriched in the retentate and the gamma 
globulin being enriched in the permeate. Preferably, the 
particulate solids being used are titanium oxide particles. 
Also preferably, the substrate being used is sintered stainless 
steel. 

[0330] Since intravenous administration is more direct and 
efficient, it is sometimes desirable or necessary to administer 
the globulin-containing fraction intravenously. A globulin- 
containing fraction prepared by the conventional fraction- 
ation contains anti-complement activity, i.e., the property of 
fixing complement non-specifically (U.S. Pat. No. 4,082, 
734). This anti-complement activity is related to the forma- 
tion of aggregates. Such globulin-containing fraction con- 
taining the anti-complement activity is not suitable for 
intravenous administration because the fraction can cause 
shock in some patients (U.S. Pat No. 4,124,576). Therefore, 
the anti-complement activity must be eliminated or reduced 
before the globulin-containing fraction can be administered 
intravenously. 

[0331] The anti-complement activity can be eliminated or 
reduced according to any methods known in the art. For 
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example, pepsin decomposition (Schultze and Schwick, 
Dtsck Med. Wochenschrift, 87:1643 (1962)); decomposition 
(Barandun, et al., Vox Sang., 28:157 (1975)); HC1 treatment 
(Barandun, et al., VoxSang., 7:187 (1962)) and P-propiolac- 
tone treatment (Stephan, Z. Klin. Chenu Klin. Biochemie, 
7:282 (1969)) can be used In other specific embodiments, 
the processes described in VS. Pat. Nos. 4,082,734, 4,075, 
193, 4,124,576, 4,154,819, 4,374,763, 4,436,724, 4,835,257 

[0332] U.S. Pat. No. 4,082,734 describes a method of 
preparing an intravenously applicable globulin of substan- 
tially unchanged half-life but free from anti-complement 
activity, by beating plasma or serum for about 2 to 4 hours 
at about 50° C. to 56° C, and then fractionating, the heating 
having been long enough within the recited parameters so 
that the product upon fractionation is substantially free from 
anti-complement activity. Preferably, the fractionation is 
effected with alcohol or ammonium sulfate. Also preferably, 
the heating is effected for about 2 hours at about 56° C. 

[0333] U.S. Pat. No. 4,075,193 describes a process for 
producing globulin for intravenous administration which 
comprises: 1) adsorbing plasminogen derived from blood of 
a selected mammalian species on an adsorbent substrate of 
L-Iysine agarose; 2) washing the adsorbate to elute impuri- 
ties; 3) ehiting the purified plasminogen from the substrate; 
4) converting the eluted plasminogen to plasmin; 5) incu- 
bating a mixture of the plasmin and a quantity of homospe- 
cific immune globulin having anticomplementary activity 
under conditions such that the anticomplementary activity is 
substantially reduced; and 6) inactivating plasmin present in 
the mixture by adsorption on an inactivation adsorbent for 
plasmin, and recovering the immune globulin. 

[0334] U.S. Pat. No. 4,124,576 describes a process for 
preparing a gamma globulin substantially devoid of anti- 
complementary activity and suitable for intravenous admin- 
istration, from a material selected from the Conn Fraction 
II+III plasma protein paste having a protein content of about 
25-30%, Conn Fraction II paste and placental extracts con- 
taining these fractions which comprises the steps: 1) sus- 
pending the paste in water to form a solution of low ionic 
strength having a conductance of about 300xl(T 6 cm" 1 
ohm' 1 at a pH of about 4.9 to 6.0 to produce a precipitate and 
a filtrate; 2) precipitating impurities from the filtrate by 
adding polyethylene glycol to 4% (w/v); 3) further precipi- 
tating impurities by the addition of ethanol in a concentra- 
tion of from 4 to 12% (w/v); and 4) precipitating the gamma 
globulin by adding polyethylene glycol to 10 to 12% (w/v) 
or by adding ethanol to 20 to 30% (v/v), preferably 25% 
(v/v) at a pH of from 7 to 8.2, preferably 8.0, the process 
being carried out at a temperature of about 0-6° C. 

[0335] U.S. Pat. No. 4,154,819 describes a process for 
preparing a y-globulin solution suitable for the intravenous 
application by treating the solution of y-globulin with ace- 
timido ethyl ester hydrochloride, diketene, formimido ethyl 
ester hydrochloride or propanesultone at a pH of about 9, 
thereafter adjusting the pH to about 7 to 75, and separating 
the solution from the solids by dialysis or fractionation 
followed by sterile filtration. Preferably, the diketene is 
employed in about 0.02 g per g of protein in the y-globulin 
solution. U.S. Pat. No. 4,374,763 describes a process for 
producing y-globulin suitable for use in intravenous admin- 
istration and of an anticomplementary activity of lower than 
20% by bringing Conn's Fraction II for the gamma-globulin 



into suspension in an aqueous solution of a monosaccharide, 
disaccharide or sugar alcohol, adjusting the pH of the 
suspension to about 7.0 to 9.0, adding dextran of an average 
molecular weight of 10,000 to 70,000 into the suspension to 
produce an aqueous about 2 to 10% (w/v) solution of 
dextran, and after removing the thus formed precipitate, 
adding ammonium sulfate to the mother liquor to precipitate 
the gamma-globulin. 

[0336] U.S. Pat. No. 4,436,724 describes a method for 
producing y-globulin which can be administered intrave- 
nously without adverse reactions. The method includes 
treating y-globulin with pepsin or uropepsin in a neutral pH 
range of about 6.0 to IS. The aggregates in y-globulin are 
selectively decomposed, while any decomposition of mono- 
mer y-globulin molecule is substantially prevented. The 
globulm-containing fraction thus produced with reduced 
anti-complementary activity is stabilized by adding uropep- 
sin which serves simultaneously as a proteolytic enzyme and 
a stabilizer. 

[0337] U.S. Pat. No. 4,835,257 describes a process for the 
preparation of gamma globulin suitable for intravenous 
administration. The process includes the steps of: dissolving 
gamma globulin precipitated from blood or blood products 
in a solution, separating non-dissolved precipitate from the 
solution, adding polyethylene glycol to the separated solu- 
tion, separating precipitate from the polyethylene glycol 
solution, increasing the polyethylene glycol concentration in 
the solution, separating precipitated purified gamma globu- 
lin from the higher concentrated polyethylene glycol solu- 
tion, dissolving the purified gamma globulin in a solution 
suitable for intravenous administration. The process also 
includes a step of dissolving the gamma globulin precipi- 
tated from blood in a solution having a neutral pH, adding 
polyethylene glycol in the first step to a concentration of 
about 4.0-55% by weight, and increasing the polyethylene 
glycol concentration in the second step to at least 9% but not 
more than 16% by weight, and by adding a buffer to the 
solution just prior to adding the polyethylene glycol in one 
of the two polyethylene glycol addition steps. 

[0338] In another specific embodiment, the globulin-con- 
taining fraction can be lyophilized for extended shelf-life 
and ease of transportation. The globulin-containing fraction 
can be lyophilized by any methods known in the art, 
preferably in the presence of salts or sugars. For example, 
the processes described in the U.S. Pat Nos. 4,168,303 and 
4,692,331 can be used. 

[0339] U.S. Pat. No. 4,168303 describes a process for 
producing a lyophilized gamma globulin preparation for 
intravenous administration, which comprises freeze -drying 
an aqueous solution of gamma globulin which has under- 
gone no modification and has an anticomplementary activity 
of 20 (CH50) or less in the presence of about 0.06 to 0.26 
part by weight of sodium chloride for 1 part by weight of the 
gamma globulin. Preferably, the freeze drying is carried out 
in the presence of about 0.1 to 03 part by weight of serum 
albumin for 1 part by weight of the gamma globulin. Also 
preferably, the freeze drying is carried out in the presence of 
about 0 to 0.5 part by weight of a diluent for about 1 part by 
weight of the gamma globulin. Further preferably, the dilu- 
ent is mannitol. 

[0340] U.S. Pal. No. 4,692,331 describes a process for 
preparing a storage-stable, intravenously administrable 
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y-globulin dry preparation, which ^-globulin has been 
obtained by fractionating plasma with polyethylene glycol 
and has been substantially freed of remaining polyethylene 
glycol. The process includes the steps of: (1) adding glucose 
to an aqueous solution of y-globulin, which is substantially 
free of remaining polyethylene glycol and is suitable for 
intravenous administration, the amount of glucose added 
being from about 0.2 to 2.0 parts by weight, based on one 
part of y-globulin sufficient to stabilize the y-globulin; and 
thereafter (2) lyopbilizing the aqueous solution to produce a 
dry powder. Preferably, the aqueous solution contains 
y-globulin in an amount of about 5 to 20% (W/V) in terms 
of protein. 

[0341] (3) Preparation of AHF-Containing Frac- 
tion 

[0342] Factor VIII and von Willebrand's factor are asso- 
ciated plasma proteins that together are called Antihemo- 
philic Factor (AHF). Both are important in the blood clotting 
mechanism. Methods of making concentrates of AHF are 
known in the art. These range from simply freezing and then 
thawing plasma (cryoprecipitation) to yield a more concen- 
trated insoluble mixture of Factor VIII, fibrinogen, cold- 
insoluble globulin to more involved procedures (e.g., Pool et 
aL New England Journal of Medicine, 273:1443-1447 
(1965)). These concentrates may be made more highly 
purified by further treatment employing techniques such as 
al uminum hydroxide absorption, glycine extraction, poly- 
ethylene glycol concentration, and filtration. The AHF- 
containing fraction can be prepared according to the above 
described processes. Alternatively, the processes described 
in the U.S. Pat. Nos. 3,631,018, 3,652^30, 3,682,881, 
3,973,002, 4,069,216 4,089,944, 4,104,266, 4,170,639, 
4,203,891, 4,210,580, 4,251,437, 4,289,691, 4,348,315, 
4^83,989, 4,386,068, 4,404,131, 4,435,318, 4,522,751, 
4,543,210, 4,743,680, 4,814,435, 4,952,675, 4,977,246, 
5,484,890, H 1,509 and Re. 29,698 can be used. 

[0343] U.S. Pat. No. 3,631,018 describes a method for 
preparing a concentrate of AHF including fractionating a 
cryoprecipitate concentrate of AHF with polyethylene gly- 
col and glycine in a three-step precipitation: (1) first with 
about 3-4% by weight of polyethylene glycol followed by 
recovery of the supernate; (2) then with polyethylene glycol 
added to about 10% by weight followed by recovery of the 
resulting precipitate; and (3) finally with about 1.3-1.8 M 
glycine added to a solution of the precipitate from step (2) 
followed by recovery of the resulting precipitate. The poly- 
ethylene glycol suitable for use in the method has a molecu- 
lar weight in the range of 200-20,000, preferably 400-6,000, 
more preferably about 4,000. 

[0344] U.S. Pat. No. 3,652^30 describes a method of 
preparing highly purified AHF by treating an extract of a 
precipitate obtained by cryoethanol precipitation with poly- 
ethylene glycol in three successive precipitations, first with 
aluminum hydroxide gel at pH about 5.6-7.0, then with 
polyethylene glycol to a concentration of about 3.0-6.5%, 
and finally with added polyethylene glycol to a concentra- 
tion of 10-12% to obtain a precipitate containing the highly 
purified AHF. 

[0345] U.S. Pat No. 3,682,881 describes a method for the 
preparation of a prothrombin complex and an AHF concen- 
trate from citrated blood plasma treated with 1.5-1.8 M 
glycine. The resulting precipitate was treated successively 



with polyethylene glycol, first to a concentration of 3A% 
and then 10% by weight, and finally with 1.8 M glycine. 

[0346] U.S. Pat. No. 3,973,002 describes a method for 
isolating antihemophilic factor of human blood plasma 
including the steps of adjusting the pH of a solution of 
buffer-extracted plasma cryoprecipitate to from about 6.0 to 
about 7.0, and cooling the solution at a temperature of from 
about 2° C. to about 20° C. for from about 15 to about 60 
minutes to cause precipitation of impurities. 

[0347] U.S. Pat. No. 4,069,216 describes an improvement 
in the process described in U.S. Pat. No. 3,631,018 men- 
tioned above, in which the process includes the step of 
holding a buffered solution of F. VIII and 6% polyol at 0-5° 
C. until precipitation occurs. 

[0348] U.S. Pat. No. 4,089,944 describes a method for 
producing a clinically useful freeze -dried solid composition 
containing AHF and fibrinogen from blood plasma or an 
AHF -containing fraction thereof including the steps of frac- 
tionating the plasma to obtain a solid mixture containing 
AHF and fibrinogen, dissolving the solid mixture in an 
aqueous medium and freeze -drying the resulting solution to 
obtain a clinically useful freeze-dried solid composition 
which is then reconstituted in a reconstitution liquid for use, 
and including the step of rendering the freeze-dried, solid 
composition rapidly soluble in an aqueous medium at room 
temperature by adding water soluble carbohydrate to the 
mixture, the amount of carbohydrate added being an amount 
sufficient to produce at least about 2 grams per 100 millili- 
ters concentration of carbohydrate upon reconstitution of the 
composition in a suitable medium to produce a therapeuti- 
cally useful solution of AHF. Preferably, the carbohydrate 
used is dextrose, maltose, lactose or sucrose. 

[0349] U.S. Pat. No. 4,104,266 describes a method for the 
preparation of purified AHF which includes the thawing of 
frozen plasma at a temperature of between about 0° C. and 
about 1° C. to obtain a cryoprecipitate containing AHF, and 
including the steps of: (a) extracting the cryoprecipitate with 
a low ionic strength buffer solution containing tris 
(hydroxymethyl) aminomethane at a temperature of about 0° 
C. to obtain a cold insoluble fraction having cold soluble 
impurities removed therefrom; (b) extracting the cold 
insoluble fraction with a low ionic strength buffer solution 
containing tris (hydroxymethyl) aminomethane at a tem- 
perature of about 21° C. to obtain a solution containing AHF 
and the buffer solution; (c) deprothrombinizing the solution 
with aluminum hydroxide gel* and (d) recovering an AHF- 
rich solution. 

[0350] U.S. Pat. No. 4,170,639 describes a process for the 
production of antihemophilic factor concentrate in purified 
form having enhanced potency and solubility by: (a) sub- 
jecting an aqueous extract of antihemophilic blood plasma 
cryoprecipitate to purification by mixing with an aluminum 
hydroxide adsorbent at an acid pH and precipitating 
unwanted protein in the cold, the pH conditions being such 
that unwanted protein is selectively removed by adsorption 
without substantial loss of antihemophilic factor potency 
from the aqueous extract; (b) constituting the purified aque- 
ous extract with buffer and saline and adjusting to an acid 
pH, and (c) freeze -drying the thus adjusted aqueous extract. 

[0351] U.S. Pat. No. 4,203,891 describes a method of 
increasing the yield of antihemophilic factor VIII (AHF), 
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from whole blood, blood plasma or blood plasma fractions 
by collecting the blood or plasma or plasma fraction from a 
donor directly into an anticoagulant agent selected from 
heparin, sodium heparin, or mixtures thereof, which agent 
does not reduce the physiological concentration of calcium, 
and recovering the AHF. Preferably, the anticoagulant is 
used in the range of 0.1-10 units/ml based on total volume 
of whole blood or blood plasma and the AHF is recovered 
by fractionation using glycine, ethanol, ethanolglycinc, 
polyethylene glycol or glycine -polyethylene glycol precipi- 
tation. 

[0352] U.S. Pat. No. 4,210,580 describes a process for 
separating and isolating AHF and fibronectin from plasma 
by cryoprecipitation (0-15° C.) in the presence of a sulfated 
mucopolysaccharide, e.g., heparin, to a concentration of 
about 0.15-0.25 mg/ml of plasma (approximately 225 to 
37.5 units of heparin/ml of plasma). The resulting fibronec- 
tin precipitate is purified chromatographically and the hep- 
arin supernatant is mixed with an anion exchange resin such 
as DEAE cellulose with Heparasorb to remove heparin and 
to provide a supernatant having 90-95% of the original 
procoagulant activity. 

[0353] U.S. Pat. No. 4,251,437 describes a process for 
producing an antihemophilic factor preparation (AHF) by 
thawing deep-frozen human blood plasma, at least partially, 
by irradiation with electromagnetic waves of a frequency of 
about lOP-10 15 Hz for a period of time and with an energy 
penetration such that the temperature in the thawed blood 
plasma does not exceed 10° C. at any point, centrifuging the 
thawed product to form a cry ©precipitate, redissolving the 
cryoprecipitate in a buffer, isolating a concentrated solution, 
and optionally freeze-drying the concentrated solution. Pref- 
erably, the irradiation is controlled so that the temperature in 
the thawed product does not exceed 4° C. at any point. Also 
preferably, the irradiation is carried out with microwaves of 
a frequency of about 10 8 -3xl0 11 Hz. Further preferably, the 
irradiation is carried out with microwaves of a frequency of 
about 2xl0 ? -3xl0 10 Hz. 

[0354] U.S. Pat. No. 4,289,691 describes a method for 
obtaining AHF from fresh blood plasma by adding heparin, 
used in the range of about 1-10 units/ml of plasma, to fresh 
plasma collected by plasmapheresis into a calcium chelating 
anticoagulant, freezing the plasma, resohibilizing the 
plasma, isolating a cryoprecipitate from the plasma, resohi- 
bilizing the cryoprecipitate, adding a citrate saline heparin 
buffer to the resolubilized cryoprecipitate, incubating the 
resolubilized, buffered cryoprecipitate at about 0-10° C. for 
a time in excess of about 1 hour in the presence of heparin 
precipitable cold insoluble globulin, separating an AHF rich 
precipitate and isolating AHF from the precipitate. 

[0355] U.S. Pat. No. 4,348,315 describes a process for 
purifying and/or concentrating the F. VT1I complex, starting 
from cryoprecipitate or Cohn Fraction I-O, by dissolving a 
composition containing F. VIII together impurities in IS M 
glycine solution at 15° C. and pH 63-7.8 to obtain a solution 
containing F. VIII and a precipitate containing the impuri- 
ties. Optionally, the process includes the additional step of 
adding PEG to the resulting F. VHI-containing glycine 
solution followed by precipitating and then concentrating 
purified F. VIII from the solution. 

[0356] U.S. Pat. No. 4,383,989 describes a method of 
obtaining AHF by collecting freshly obtained plasma or 



plasma fractions directly into heparin, sodium heparin or 
mixtures thereof, in a proportion of about 6-8 units of 
heparin/ml of plasma, in the absence of a citrate buffer, and 
applying a cold incubation technique (0-10° C.) using hep- 
arin precipitable cold insoluble globulin. 

[0357] U.S. Pat. No. 4,386,068 describes a process for 
producing an AHF concentrate by treating an aqueous 
suspension of cryoprecipitate containing AHF proteins with 
aluminum hydroxide gel, subjecting the resulting solution to 
ultrafiltration, and then constituting the solution resulting 
from the ultrafiltration in buffer and saline. Optionally, the 
solution resulting from the ultrafiltration may be treated with 
1.6-2.2 M glycine for further purification. 

[0358] U.S. Pat. No. 4,404,131 describes a method of 
producing an AHF concentrate by subjecting an AHF con- 
centrate obtained by conventional fractionation, e.g., cryo- 
precipitation, to cryoalcohol precipitation. 

[0359] U.S. Pat. No. 4,435,318 describes a process for the 
separation and recovery of Factor VIII, von Willebrand's 
factor, and Factor V from plasma and plasma derivative 
streams having a pH normally between about 6 to 8.5 by 
removing from the blood stream when present substantially 
all initial turbidity therein, subsequently passing the blood 
plasma into and out of an apparatus containing one or more 
semi-permeable membranes which separate the plasma 
stream from a salt receiving stream thereby decreasing the 
salt content of the plasma stream between about 45 to 80% 
to cause the formation of a protein turbidity enriched in 
Factor VIII, von Willebrand's factor and Factor V, subse- 
quently removing substantially all of the turbidity and 
maintaining the temperature of the plasma stream during the 
separation and recovery process in the range of between 
about 4-40° C, and at substantially its original starting pH 
level. 

[0360] U.S. Pat. No. 4,522,751 describes a method of 
producing a preparation containing Factor VIII (AHF) from 
a Facto r-VID -containing plasma fraction, the preparation 
containing Factor VIII (AHF) having a specific activity of at 
least 1.5 units of Factor VITI/mg protein, immunoglobulin G 
(IgG) of from 15 to 30 mg/1000 units of Factor VIII and 
fibrinogen of from 20 to 40 mg/100 units of Factor VIII, by: 
(a) dissolving the Factor- VIII -containing plasma fraction in 
a buffer solution containing a sulfated polysaccharide at a 
pH value approximately in the neutral range; (b) lowering 
the pH to a value ranging from 6.0 to 6.4 and adjusting the 
temperature to between about 0° C. to about 25° C. to 
precipitate undesired proteins and obtain a Factor-VIII- 
containing supernatant; (c) adding at least of glycine, 
sodium chloride and sodium citrate, to the Factor-VIII- 
containing supernatant to maintain the major part of the 
immunoglobulins contained in the supernatant in solution; 
(d) adding a protein precipitating agent to obtain a Factor- 
Vni-containing precipitate; and (e) dissolving the Factor- 
Vni-containing precipitate in a solvent to obtain the final 
product. 

[0361] U.S. Pat. No. 4,543,210 describes a process for 
producing high purity antihemophilic factor concentrate 
from an antihemophilic factor-containing dispersion or solu- 
tion isolated from blood plasma or a blood plasma fraction 
including performing two consecutive precipitations using a 
combination of precipitants in each precipitation, first a 
combination of 1-4% by weight, based on weight of sohi- 
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uon, of polyethylene glycol and (X 1-0.2 ml of 1-3%, based 
on weight of suspension, aluminum hydroxide suspension 
per gram of protein in the starting dispersion or solution, 
followed by a combination of added polyethylene glycol to 
provide a final concentration of 9-13% by weight, based on 
weight of the resulting solution, and 10-20% by weight of 
glycine, based on weight of the polyethylene glycol solution, 
and 10-20% by weight, based on weight of the polyethylene 
glycol solution, of sodium chloride. 

[0362] U.S. Pat. No. 4,743,680 describes a process for 
purifying a protein that has antihemophilic factor activity by 
column chromatography in a column behaving predomi- 
nantly as an ion-exchange chromatography column, includ- 
ing the steps of: (a) equilibrating the chromatography col- 
umn; (b) loading a sample containing the protein on the 
column, causing the protein to adsorb onto the column; (c) 
washing the column; (d) eluting the adsorbed protein from 
the column by causing it to desorb from the column; (e) 
recovering the protein in purified form; and also including 
the step of: adding to the column a substance containing of 
an effective amount for selectively increasing the electro- 
static forces on the surface of the protein and concomitantly 
decreasing the hydrophobicity of the protein of a hydration 
additive selected from among sugars and polyhydric alco- 
hols during at least one of the steps (a), (b), and (c) thereby 
promoting the adsorption of the protein on the column. 

[0363] U.S. Pat. No. 4,814,435 describes a method for 
preparing a Factor VIII (AHF)-containing fraction having a 
specific activity of at least 2.5 units of Factor Vlll/mg 
protein as well as a portion of immunoglobulin G (IgG) of 
10 mg/1000 units of Factor VIII at most, with the risk of 
transmission of viral or bacterial infections avoided or 
largely reduced when applied therapeutically or prophylac- 
tically. The method includes the steps of: 1) preparing a first 
solution of a Factor VTQ containing plasma fraction includ- 
ing at least one of a heparinoid and a complex compound of 
heparin and antithrombin III (Atheplex); 2) precipitating and 
separating undesired proteins from the first solution in the 
presence of sulfated polysaccharides at a pH of 6.0 to 6.4 
and at a temperature of 0-25° C. so as to obtain a purified 
Factor VIII containing supernatant; 3) treating the purified 
Factor VIII containing supernatant with a protein precipi- 
tating agent selected from ammonium sulfate, ammonium 
sulfate-glycine, sodium chloride -glycine, sodium sulfate, 
sodium sulfa te-sodium citrate, ammonium sul fate-sodium 
citrate, sodium chloride-ammonium sulfate at a concentra- 
tion of 8 to 35% and a pH of 5.6 to 6.8 so as to precipitate 
a Factor VIII containing precipitate; 4) dissolving the Factor 
VIII containing precipitate in a buffer solution so as to obtain 
a second solution; 5) one of ultrafiltering and dialyzing the. 
second solution, and lyophilizing so as to obtain a lyo- 
philizate; 6) and heat-treating the lyophilizate at a tempera- 
ture and for a period of time sufficient to inactivate possibly 
present viruses. 

[0364] U.S. Pat. No. 4,952,675 describes a process for 
purifying a protein having antihemophilic factor activity by 
column chromatography in a column behaving predomi- 
nantly as a hydrophobic affinity chromatography column, 
including the steps of: (a) equilibrating the chromatography 
column; (b) loading a sample containing the protein on the 
column, causing the protein to adsorb onto the column; (c) 
washing the column; (d) eluting the adsorbed protein from 
the column by causing it to desorb from the column; (e) 



recovering the protein in purified form; and also including 
the step of: adding to the column a substance containing an 
effective amount for selectively increasing the electrostatic 
forces on the surface of the protein and concomitantly 
decreasing the hydrophobicity of the protein of a hydration 
additive selected from among sugars and polyhydric alco- 
hols during the step (d) thereby promoting the desorption of 
the protein from the column; and subjecting the eluate 
containing the protein from the step (d) to a second purifi- 
cation using a second column behaving predominantly as an 
ion-exchange chromatography column prior to the step (e). 

[0365] U.S. Pat. No. 4,977,246 describes a method for 
obtaining an AHF-rich product from human plasma by: (a) 
thawing freshly frozen human plasma at a temperature of 
about 6-10° C. to obtain a plasma solution; (b) adding one 
volume of about 1.20 M to 1.80 M aqueous solution of a 
precipitating agent selected from the group consisting of 
sodium citrate, potassium citrate and citric acid to two 
volumes of the plasma solution obtained in step (a) at a 
temperature of about 0-10° C. to form a precipitate; (c) 
incubating the precipitate-containing solution in an ice bath 
for about 20 to 40 minutes; and (d) separating the precipitate 
from the solution. 

[0366] U.S. Pat. No. 5,484,890 describes a method of 
recovering, from a biological sample, an antihemophilic 
factor protein containing fraction having increased antihe- 
mophilic factor protein stabilit The sample contains (a) an 
antihemophilic factor protein, (b) at least one destabilizing 
protease impurity, and (c) at least one proprotease impurity; 
and the fraction having at least 17 units of antihemophilic 
factor protein/mg of total protein; the method comprising: 
contacting the sample with an amount of a protease remov- 
ing agent effective to remove a destabilizing amount of the 
protease impurity and an amount of proprotease removing 
agent effective to remove a destabilizing amount of the 
proprotease impurity. The proprotease removing agent 
includes an anion exchange resin in an amount ranging from 
70 mg total loading protein/ml anion exchange resin to 750 
mg total loading protein/ml anion exchange resin. U.S. 

[0367] Patent No. Hl,509 describes a process for produc- 
ing a Factor VIII concentrate from blood plasma, by: (a) 
obtaining a cryoprecipitate containing Factor VIII from 
blood plasma; (b) dissolving the cryoprecipitate in an aque- 
ous solution containing heparin in an amount sufficient to 
provide a cryoprecipitate/heparin solution containing from 
about 30 to about 150 units of heparin per milliliter of 
solution; (c) adding a sufficient amount of a precipitant 
consisting essentially of PEG to the cryoprecipitate/heparin 
solution while maintaining the solution at a temperature of 
from 20° C. to 30° C. to precipitate protein contaminants, 
leaving a PEG supernatant containing Factor VIII; (d) recov- 
ering the PEG supernatant; and (e) recovering Factor VIII 
from the PEG supernatant. 

[0368] U.S. PaL No. Re. 29,698 describes a method for 
improving the yield of AHF obtained from blood plasma and 
blood plasma fractions, obtained by cryoprecipitation, by the 
addition of heparin. The heparin- treated cryoprecipitate may 
then be further fractionated using polyethylene glycol and 
glycine. When the heparin- treated cryoprecipitate is further 
fractionated, heparin is preferably added twice, once to the 
initial cryoprecipitate and subsequently to the further frac- 
tionated concentrate. 
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[0369] (4) Preparation of Fraction Containing 
Soluble IL-1 Receptor or Soluble TNF Recep- 
tor 

[0370] In one specific embodiment, the plasma is further 
separated into a fraction containing soluble IL-1 receptor or 
soluble TNF receptor. The preparation can be monitored by 
assaying for the physical properties of the receptors such as 
molecular weight, polarity, ionic strength, charge, isoelectric 
point, etc (Sambrook et al., Molecular Cloning: A Labora- 
tory Manual (2nd Ed.), Cold Spring Harbor Laboratory 
Press, 1989). The preparation can also be monitored by 
assaying for the functional properties of the receptors such 
as the ability to specifically bind IL-1 or TNF, to block 
specific binding between IL-1 and IL-1 receptor or between 
TNF and a TNF receptor and to neutralize or reduce the 
biological activity of IL-1 or TNF. Preferably, the prepara- 
tion is monitored by antibody-based assays and any anti- 
ILrl soluble receptor and anti-TNF soluble receptor anti- 
bodies can be used (see Current Protocols in Immunology 
(Ed. Coligan et al.) John Wiley & Sons, Inc., 1997). 

[0371] C. Methods of treatment using the resulting 
blood-derived compositions 

[0372] The compositions thus produced are suitable for 
treating viral hemorrhagic diseases or disorders or other 
diseases, disorders or syndromes involving such cytotoxic 
responses including, but not limited to, other acute infec- 
tious diseases, sepsis, cachexia, rheumatoid arthritis and 
other autoimmune disorders, acute cardiovascular events, 
chronic myelogenous leukemia and transplanted bone mar- 
row-induced graft-versus- host disease, septic shock, 
immune complex-induced colitis, cerebrospinal fluid 
inflammation, autoimmune disorders, multiple sclerosis. 
Accordingly, methods for treating or preventing a viral 
hemorrhagic disease or disorder or other such disorders 
involving such cy toxic responses in a mammal are provided. 
These methods include the steps of administering to the 
mammal an effective amount of the immune compositions) 
produced according to the above processes. 

[0373] Furthermore, such compositions can be used alone 
or in combination with a tetracycline or tetracycline-like 
compound(s) and/or other anti-viral-hemorrhagic agent(s), 
such as IL-1 inhibitors and TNF inhibitors. Any of the above 
noted disorders and disorders involving an acute inflamma- 
tory response can be treated by the compositions. 

[0374] 'Viral hemorrhagic diseases can be treated by 
administration of tetracycline or tetracycline-like com- 
pound^), The effectiveness of administration of a tetracy- 
cline compound or tetracycline-like compound(s) for treat- 
ment is optimal shortly after infection. Such treatment is 
preferably combined with administration of the composi- 
tions provided herein and/or other treatments for viral hem- 
orrhagic disorders. 

[0375] Methods for treating disorders involving acute 
inflammatory responses characterized by elevated and 
debilitating levels of cytokines are provided. These disor- 
ders include those enumerated herein and any others in 
which acute inflammatory responses, as assessed by 
elevated levels of TNF and/or IL-1, occur. Several methods 
are provided. 

[0376] In one method a mammal determined to have an 
acute inflammatory response or a disease or condition char- 



acterized by such response is treated with a blood-derived 
composition provided herein. The mammal may also be 
treated with a tetracycline or tetracycline-like compound or 
plurality thereof and/or with a treatment known to have 
some effect on the symptoms of or on disorder. All treat- 
ments may be administered simultaneously, successively or 
intermittently and, as necessary, repeatedly and for a time 
sufficient to observe an amelioration or treatment of the 
symptoms of the disease, condition or disorder. 

[0377] Hence, including among the methods provided 
herein, are methods in which such mammals are treated with 
blood or fraction thereof that has been contacted with a 
tetracycline or tetracycline-like compounds either in vitro or 
in vivo. Where the blood is treated in vivo, it is obtained 
from a donor who has been administered a tetracycline and 
tetracycline-like compounds prior to providing blood. 
Where the blood or a fraction thereof, particularly white 
blood cell-containing fraction, such as buffy coats, has been 
treated in vitro with a tetracycline and/or tetracycline-like 
compound(s), it is obtained from an untreated donor and 
then either fractionated prior to contacting or subsequent to 
contacting. In one embodiment, the blood is treated to obtain 
the buffy coat, which contains the white blood cells. The 
buffy coat fraction is contacted in vitro with a tetracycline 
and/or tetracycline-like compound(s). The medium from the 
treated cells is administered. It can be further fractionated or 
concentrated prior to administration. In all instances, the 
levels of the TNF and IL-1 receptors are monitored prior to 
contacting with the tetracycline and/or tetracycline-like 
compound(s), during and after contacting for at least a 
three-fold increase in the level of such receptors compared 
to the baseline, prior to contacting with the tetracycline 
and/or tetracycline-like compound(s). Such measure serves 
as indicator that the factors, which include sTNF receptors 
and/or IL-1 receptors, particularly IL-1 RA, have reached a 
sufficient level. These receptors serve as the marker for a 
sufficient level of induction of the palliative factors; they are 
not necessarily the only factors responsible for the observed 
effects. 

[0378] These methods may also be combined with other 
methods for treating such disorders, such as other anti-IL-1 
antibodies, anti-IL-1 receptor antibodies, IL-1 receptor 
antagonists, IL-1 production inhibitors, IL-1 receptor pro- 
duction inhibitors, and IL-1 releasing inhibitors. 

[0379] Administration is effected by any suitable route, 
including systemic, local and topical administration, such as 
intramuscularly, intravenously, parenterally and orally. Typi- 
cally, administration of a blood product will be via IV route. 
Administration of a tetracycline compound will be orally. 
Amounts of tetracycline is about 100-500 mg twice per day 
for one or more days, typically at least three and up to about 
ten days. These amounts are also the amounts for adminis- 
tration human donors to induce factors for preparation of the 
blood-derived compositions. 

[0380] The disorders include hemorrhagic diseases and 
disorders, wasting diseases, sepsis, autoimmune disorders, 
particularly acute episodes associated with autoimmune 
disorders, acute episodes associated with multiple sclerosis, 
acute allergic reactions and other inflammatory diseases. 
The methods herein are particularly useful for treating 
hemorrhagic diseases or disorders, for which there have 
heretofore been few, if any, effective treatments. 
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[0381] Id one method, a mammal suffering from such 
disorder is treated with an amount of a tetracycline and 
tetracycline-like compounds effective to ameliorate a symp- 
tom of the disorder, particularly, a disorder associated with 
elevated levels of cytokines associated with an acute inflam- 
matory disorder. This method is intended for treatment of 
viral hemorrhagic fevers, and also bacterial infections, such 
as E. coli infections. 

[0382] In another embodiment, the anti-viral -hemorrhagic 
agent is a tumor necrosis factor (TNF) inhibitor, including an 
anti-TNF antibody, an anti-TNF receptor antibody, a TNF 
receptor antagonist, a TNF production inhibitor, a TNF 
receptor production inhibitor or a TNF releasing inhibitor. In 
another exemplary embodiment, the anti-viral-hemorrhagic 
agent is an anti-viral vaccine, an anti-viral antibody, a 
viral-activated immune cell or a viral-activated immune 
serum. Any specific examples of the IL-1 inhibitor, the TNF 
inhibitor, the anti-viral vaccines, the anti-viral antibodies, 
the viral-activated immune cells or the viral-activated serum 
can be used in the combinational therapy. 

[0983] The tetracycline compound(s) and/or the anti-viral- 
hemorrhagic agent(s) can be used alone or in combination 
with other known therapeutic agents or techniques (includ- 
ing chemotherapeutics, radioprotectants and radiotherapeu- 
tics) to either improve the quality of life of the patient, or to 
treat the disease, such as viral hemorrhagic diseases or 
disorders. For example, the tetracycline compound(s) and/or 
the anti-viral-hemorrhagic agent(s) can be used before, 
during or after radiation treatment. 

[0384] F. Viral Hemorrhagic Diseases or Disorders and 
Diagnosis Thereof 

[0385] The methods and compositions provided herein are 
particularly suited for treatment of viral hemorrhagic dis- 
eases. To effectively employ such methods, proper diagnosis 
is recommended. Hence following is a list of exemplary 
hemorrhagic diseases, the causative agents and methods of 
diagnosis. 

[0386] Examples of the viral hemorrhagic diseases or 
disorders that can be treated by the present methods include, 
but not limited to, viral hemorrhagic disease caused by 
infection with Bunyaviridae, a Filoviridae, a Flaviviridae, or 
an Arenaviridae virus. 

[0387] 1. Bunyaviridae Virus Infection 
[0388] Examples of Bunyaviridae viruses include bun- 
yavirus (Bunyamwera, Bwamba, California, Capim, 
Guama, phlebovirus koongol, patois, simbu and tete 
viruses), sandfly fever virus, Rift Valley fever virus of sheep 
and ruminants, Nairo virus, Crimean-Congo hemorrhagic 
fever virus, Uukuvirus, Uukuniemi virus, Hantaan virus and 
Korean hemorrhagic fever virus (see, e.g., U.S. Pat. No. 
5,786,342). Of particular interest is treatment of Crimean- 
Congo hemorrhagic fever virus, Hantaan virus and Korean 
hemorrhagic fever virus infections, particularly, Hantaan 
virus. Specific strains of Hantaan virus include 76-118 strain 
(Avsic-Zupanc, et al., Am. J. Trop. Med. Hyg., 51(4):393- 
400 (1994); Gu, et al., Chin. Med. J. (Engl)., 103(6):455-9 
(1990); Miyamoto, et al, Kansenshogaku ZasshL, 
61fl(6):633-8 (1987 Jun); and Miyamoto, et al., Kansenshog- 
aku ZasshL, 61(6):639-44 (1987 Jun)) and WKM strain 
(Ybo, et al., Microbiol Immunol, 37(7):557-62 (1993); and 
Yoshimatsu, et al., J. Gen Virol, 77(4):695-704 (1996 
Apr)). 



[0389] Bunyaviridae virus infection, and particularly Han- 
taan virus infection, can be diagnosed by any methods 
known in the art according to clinical, immunological or 
molecular criteria. Any known immunological methods can 
be used in the diagnosis of Bunyaviridae or Hantaan virus 
infection (see e.g., Current Protocols in Immunology (Ed. 
Coligan et al.) John Wiley & Sons, Inc., 1997); Sambrook et 
al., Molecular Cloning: A Laboratory Manual (2nd Ed.), 
Cold Spring Harbor Laboratory Press, 1989)). Such methods 
are known (see, e.g., Burkhardt, et al., Fortschr. Med., Ill 
(33):528-9 (1993) and van Ypersele de Strihou, et al., 
Lancet, 2(8365-66):1493 (1983)). Antibody-based or anti- 
gen-based immunological methods include immunoprecipi- 
tation, Western blotting, dot blotting and in situ immuno- 
detection methods such as immunofluorescence can be used. 
In a specific embodiment, anti-Bunyaviridae virus or anti- 
Hantaan virus antibodies described herein can be used in the 
immunodiagnosis. 

[0390] Nucleo tide-sequence based molecular methods 
include nucleotide sequencing, nucleotide hybridization, 
polymerase chain reaction (PCR), especially reverse-tran- 
scriptase polymerase chain reaction (RT-PCR) can be used. 
Hantaan virus nucleotide fragments with all or portions of 
the following Genbank Accession Nos. can be used in the 
nucleotide -sequence based molecular diagnosing methods: 
AF035831, X95077, D25531, D25528-D25530, D25532- 
D25533, U71369-U71372, U71281-U71283, X55901, 
S74081, S67430, U38911, U38910, Y00386, U38177, 
U37768, U37729, M14626, M57637, M14627, M57432 and 
L08753. 

[0391] 2. Filoviridae Virus Infection 

[0392] FHoviruses are classified in the order Mononegavi- 
rales (Pringle C. R., Arch. Virol, 117:137-140 (1991)), 
which also contains the nonsegmented negative-strand RNA 
virus families Paramyxoviradae, Rhabdoviridae, and Bor- 
naviridae. Members of the family Filoviridae includes Mar- 
burg virus, a unique agent without known subtypes, and 
Ebola virus, which has four subtypes (Zaire, Sudan, Reston, 
and Ivory Coast) (Feldmann and Slenczka Klenk, Arch. 
Virol 11 (Suppl):77-100 (1996); LeGuenno B., et al.,La/i- 
cet, 345:1271-127 (1995); Pringle C. R., Arch. Virol, 
117:137-140 (1991)). Specific strains of ebola virus include 
Zaire strain (Jaax, et al., Lancet, 346(8991-8992):1669-71 
(1995), Andromeda strain (Johnson, Ann. Intern. Med, 
91(l):117-9 (1979), Gabon 94 strain (Prehaud, et al.,/. Gen 
Virol., 79(ll):2565-72 (1998) and Sudan, Reston, and Ivory 
Coast strains (Feldmann and Slenczka Klenk, Arch. Virol 11 
(Suppl):77-100 (1996); LeGuenno B., et al., Lancet, 
345:1271-127 (1995); Pringle C. R., Arch. Virol, 117:137- 
140 (1991)). 

[0393] Filoviruses are enveloped, nonsegmented negative- 
stranded RNA viruses. The two species, Marburg and Ebola 
virus, are serologically, biochemically, and genetically dis- 
tinct. Classification, virion morphology and structure, 
genomic organization and diagnosis are described in detail 
in Beer et al., Naturwissenschaften, 86:8-17 (1999), 
Springer-Verlag 1999. Marburg and Ebola viruses are pleo- 
morphic particles that vary greatly in length, but the unit 
length associated with peak infectivity is 790 nm for Mar- 
burg virus and 970 nm for Ebola virus (Regnery et al., /. 
Virol, 36:465-469 (1980)). The virions appear as either long 
filamentous (and sometimes branched) forms or in shorter 
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U-shaped, 6-shaped (mace-shaped), or circular (ring) con- 
figurations (Murphy et al., Paltyn S. R. (ed) Ebola virus 
hemorrhagic fever, Elsevier/North -Holland, Amsterdam, pp. 
61-82 (1978); Peters et al., Martini and Siegert (eds) Mar- 
burg virus disease, Springer, Berlin Heidelberg, New York, 
pp. 68-83 (1971)). Virions have a uniform diameter of 80 nm 
and a density of 1.14 g/ml. They are composed of a helical 
nucleocapsid, a closely apposed envelope derived from the 
host cell plasma membrane, and a surface projection layer 
composed of trimers of viral glycoportein (GP) (Feldmann 
et al. (1991) Virology 182:353-356). All filoviruses contain 
one molecule of noninfectious, linear, negative-sense, 
single-stranded RNA with a M r of 4.2xl0 6 , constituting 
1.1% of the virion mass (Kfley M. P et al. (1988) /. Gen. 
Virol 69:1957-1567 (1988); Regnery et al. (1980)/. Vtrol 
36:465-469). 

[0994] The nonsegmented negative-strand RNA genomes 
of filoviruses show the gene arrangement 3-NP-VP35- 
VP40-GP-VP30-VP24-L-5 1 with a total molecular length of 
approximately 19 kb (Table 2). 
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[0396] Nucleo tide-sequence based molecular methods 
include nucleotide sequencing, nucleotide hybridization, 
polymerase chain reaction (PCR), especially reverse-tran- 
scriptase polymerase chain reaction (RT-PCR) can be used. 
In a specific embodiment, the ebola virus nucleotide 
sequences with the following Genbank Accession Nos. can 
be used in the nucleo tide -sequence based molecular diag- 
nosing methods: AF086833, U77384-U77385, U8116- 
U23417, U23187, U23152, U23069, AF034645, AF054908, 
X67110, L 11365, U28077, U28134, U28006, U31033, 
U23458, X61274, J04337 and M33062. In another specific 
embodiment, the Marburg virus nucleotide sequences with 
the following Genbank Accession Nos. can be used in the 
nucleotide-sequence based molecular diagnosing methods: 
AF005730-AF005735, Z12132, Z29337, X64405-X64406, 
X68493-X68495, M72714, M92834 and M36065. 

[0397] Reverse transcriptase polymerase chain reaction is 
one of the most powerful tools of diagnosis of filovirus 
infection (Volchkov V., et al., Virology, 232:139-144 
(1997)). Antibodies to filovirus can be detected by immun- 



[0395] Filoviridae virus infection, and particularly ebola 
and Marburg virus infection, can be diagnosed by any 
methods known in the art according to clinical, immuno- 
logical or molecular criteria (see, e.g., Sambrook et al., 
Molecular Cloning: A Laboratory Manual (2nd Ed.), Cold 
Spring Harbor Laboratory Press, 1989). Antibody-based or 
antigen-based immunological methods include immunopre- 
cipitation, Western blotting, dot blotting and in situ immuno- 
detection methods such as immunofluorescence can be used. 
In a specific embodiment, anti-Filoviridae virus or anti- 
ebola and anti-Marburg virus antibodies, such as those 
described herein, can be used in the diagnosis of Bunyaviri- 
dae or Hantaan virus infection (see, e.g., Current Protocols 
in Immunology (Ed. Coligan et al.) John Wiley & Sons, Inc., 
1997). 



o fluoresce nee assays using acetone-fixed virus-infected cells 
inactivated by A-radiation [Johnson et al., Trans. R. Soc. 
Trop. Mea\ Hyg, 76:307-310 (1982); Johnson et al., Trans. 
R. Soc. Trop. Med Hyg., 77:731-733 (1983)), which should 
not be used under field conditions. An enzyme-linked immu- 
nosorbent assay using a mild detergent extract of infected 
Vero cells adsorbed to plastic plates has been shown to be 
more reliable (Ksiazek, Lab. Anim., 20:34-46 (1991)) under 
such conditions. 

[0398] Vero cells are readily used for the isolation and 
propagation of fresh and laboratory passaged strains of the 
viruses. MA- 104 cells and SW13 cells have also been 
successful in primary filovirus isolation (McCormick et al., 
J. Infect. Dis., 147:264-267 (1983)). In some circumstances 
primary isolation in guinea pigs (for Marburg virus) or 
suckling mice (for Ebola virus) may be required. 
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[0399] A western blot method has been standardized for 
the diagnosis of filovirus infections [Elliott et al., J. Virol 
Methods, 43:85-89 (1993)). Solid-phase indirect enzyme- 
immunoassay (SPEIA) has been used to detect Lassa and 
Ebola virus antigens and antibodies using horseradish per- 
oxidase-labeled antispecific globulins (Ivanov etal. (1985) 
Vopr VirusoL 31(2): 186-190). ImmunoMstochemistry (IHC) 
testing of formalin-fixed postmortem skin specimens can 
also be performed (see, e.g., Zaki et al. (1999)7. Infect. Dis. 
179(5kp/?/l):S36-47). 

[0400] 3. Flaviviridae Vims Infection 

[0401] All members of the Flaviviridae family share com- 
mon morphologic characteristics, genome structure, and 
replication and translation strategies (see, e.g., Kautner, et 
al.,/. Pediatr, 131:516-524 (1997)). Examples of Flaviviri- 
dae viruses include flavi virus, Brazilian encephalitis virus, 
Bussuquara virus, Dengue virus, iiheus virus, Israel turkey 
meningoencephalitis virus, Japanese B encephalitis virus, 
Kunjin virus, Kyasanur forest disease virus, Langat virus, 
Louping ill virus, Modoc virus, Murray valley encephalitis 
virus, Ntaya virus, omsk hemorrhagic fever virus, powassan 
virus, St. Louis encephalitis virus, spondwnei virus, tick- 
borne encephalitis, Uganda S virus, US bat salivary gland 
virus, wesselsbron virus, West Nile fever virus, yellow fever 
virus, Zika virus, European tick-borne encephalitis, Far 
Eastern tick-borne encephalitis virus and Russian tick-borne 
encephalitis (U.S. Pat. No. 5,786,342). Preferably, the Den- 
gue virus to be treated is a Dengue type 1, Dengue type 2, 
Dengue type 3 or Dengue type 4 virus. Specific Dengue type 
1 virus strains include Singapore strain S275/90 (Fu, et al., 
Virology, 188(2):953-8 (1992)), Western Pacific strain (Puri, 
et al., Virus Genes, 17(l):85-8 (1998)) and Mochizuki strain 
(Zulkarnain, et al, MicobioL Immunol, 38(7):581-5 

(1994) ). Specific Dengue type 2 virus strains include Bra- 
zilian strain (Barth, et al., Mem. Inst. Oswaldo. Cruz., 
86(1): 123-4 (1991)), New Guinea C strain (Biedrzycka, et 
al., J. Gen. Virol, 68(5):1317-26 (1987); Irie, et al., Gene, 
75(2):197-211 (189); Kapoor, et al., Gene, 162(2):175-80 

(1995) ; Price, et al., Am. J. Trop. Med. Hyg., 22(l):92-9 
(1973)), strain 16681 (Kinney, et al., Virology, 230(2):300-8 
(1997)), strain PR-159 (Leblois, et al., Nucleic Acids Res., 
21(7): 1668 (1993)), Cuban A15 strain (Pupo-Antunez, et al., 
Hybridoma., 16(4):347-53 (1997)) and Mexican strain 
(Sanchez, et al., J. Gen. Vtrol, 77(10):2541-5 (1996)). 
Hence, the family Flaviviridae includes human pathogens, 
Dengue viruses, the Japanese encephalitis virus and yellow 
fever virus. 

[0402] Four Dengue virus serotypes and various "bio- 
types" can be differentiated. Mature Dengue virus particles 
have a single-stranded ribonucleic acid genome surrounded 
by an approximately icosabedral nucleocapsid with a diam- 
eter of 30 nm. The nucleocapsid is covered by a lipid 
envelope of 10 nm thickness derived from host cell mem- 
branes and contains the envelope and membrane proteins 
(Westaway et al., Flaviridiac. Intervirology, 24:183-92 
(1985)). 

[0403] The viral genome of approximately 11 kb is infec- 
tious, has a messenger-like positive polarity, and can be 
translated in vitro. The 5' end of the RNA has a type I cap 
structure but lacks a poly A tail at the 3' end (Rice et al., 
Science, 229:726-33 (1985); Hahnet al., Virology, 162:167- 
80 (1988); Irie et al., Gene, 74:197-211 (1989)). It contains 



a single open reading frame of about 10,000 nucleotides 
encoding three structural and seven nonstructural proteins. 
The gene order is 5'-C-prM(M)-E-NSI-NS2A-NS2B-NS3- 
NS4A-NS4B-NS5. The proteins are synthesized as a 
polyprotein of about 3000 aminoacids that is processed 
cotranslationally and posttranslationally by viral and host 
proteases (Biedrzycka et al., J. Gen. Virol, 1987, 68:1317- 
26; Mackow et al.,/. Gen. Virol, 1987, 69:23-4; Speight et 
al., Virology, 1987, 159(2):217-28; Chambers et al., Virol- 
ogy, 1989, 169:100-9; Markoff etal., J. Virol, 1989, 
63:3345-52; Preugschar et al.,7. Virol, 1990, 64:4364-74; 
Falgout et al,/. Virol, 1991, 65:2467-75; Preugschat et al, 
J. Virol, 1991, 65:4749-58; Preugschat F., et al., Virology, 
1991, 185:689-97; Cahour et al., /. Virol, 1992, 66:1535- 
42). 

[0404] The structural proteins include a capsid protein rich 
in arginine and lysine residues and a nonglycosylated prM 
protein produced from a glycosylated precursor in a late step 
of virus maturation (Rice et al., Science, 1985, 229:726-33; 
Hahn et al., Virology 1988, 162:167-80; Deubel et al., /. 
Virol. Methods, 1990, 30:41-54;Randolph et al., Virology 
1990, 174:450-8). The major structural envelope protein is 
involved in the main biologic functions of the virus particle 
such as cell trop ism, acid-catalyzed membrane fusion, and 
the induction of hemaggmtination-inhibiting, neutralizing, 
and protective antibodies (Depres et al., Virology, 1993, 
196:209-219). 

[0405] The first nonstructural protein is NSI, a glycopro- 
tein with a function in the virus life cycle that is unknown 
(Schlesinger et al., /. Immunol, 1985, 135:2805-9). NSI 
proteins are detected in high titers in patients with secondary 
Dengue infections, but are rarely found in primary infections 
(Kuno et al.,/. Med. Virol, 1990, 32:102-8). Hie NS2 region 
codes for two proteins (NS2A and NS2B) that are thought to 
be implicated in polyprotein processing, whereas NS3 is 
probably the viral proteinase that functions in the cytosol 
(Preugschat et al., Virology, 1991, 185:689-97; Cahour et al, 
J. Virol, 1992, 66:1535-42; Falgout et al., /. Virol, 1989, 
63:1852-60). The NS4 region codes for two small hydro- 
phobic proteins that seem to be involved in the establish- 
ment of the membrane bound RNA replication complex. The 
protein encoded by the NS5 gene has a molecular weight of 
105,000, is the most conserved flavivirus protein and is the 
virus-encoded RNA-dependent RNA polymerase. 

[0406] Flaviviridae virus infection, and particularly Den- 
gue virus infection, can be diagnosed by any methods known 
in the art according to clinical, immunological or molecular 
criteria. Any known immunological methods can be used in 
the diagnosis of Flaviviridae or Dengue virus infection (see 
Current Protocols in Immunology (Ed. Coligan et al.) John 
Wiley & Sons, Inc., 1997). Antibody-based or antigen-based 
immunological methods include immunoprecipitation, 
Western blotting, dot blotting and in situ immuno-detection 
methods such as immunofluorescence can be used. Antibod- 
ies described herein can be used in the immunodiagnosis. 

[0407] Any known molecular methods can be used in the 
diagnosis of Flaviviridae or Dengue infection (Sambrook et 
al., Molecular Cloning: A Laboratory Manual (2nd Ed.), 
Cold Spring Harbor Laboratory Press, 1989). Nucleotide- 
sequence based molecular methods include nucleotide 
sequencing, nucleotide hybridization, polymerase chain 
reaction (PCR), especially reverse-transcriptase polymerase 
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chain reaction (RT-PCR) can be used. Dengue virus nucle- 
otide fragments containing all or portions of sequences with 
the following Genbank Accession Nos. can be used in the 
nucleotide -sequence based molecular diagnosing methods: 
E06832, D10514, D10513, X70952. 

[0408] The diagnosis of Dengue relies in most case on 
clinical judgment because only a few major centers have the 
facilities and means to perform and verify the clinical 
impression. Diagnostic criteria for DHS based on clinical 
observations have been proposed by the World Health 
Organization and should be used to avoid over-diagnosis 
(World Health Organization. Dengue hemorrhagic fever 
diagnosis, treatment and control, Geneva, WHO, 1986). 
Clinical criteria for diagnosis are as follows: (1) fever; (2) 
hemorrhagic manifestations, including at least a positive 
tourniquet test result and a major or minor bleeding phe- 
nomenon; (3) hepatic enlargement; (4) shock (high pulse 
rate and narrowing of the pulse pressure to 20 mm Hg or 
less, or hypotension). The laboratory criteria include (5) 
thrombocytopenia (^100,000/mm 3 ), and (6) he moco nee ti- 
tration (hematocrit increase ^20%). Thrombocytopenia 
with concurrent high hematocrit levels differentiates DHF 
from classic DF. 

[0409] A secondary Dengue infection is characterized by 
the rapid appearance of broadly cross-reactive antibodies. 
Hemagglutination inhibition titers of 1:20 in the acute-phase 
sample rise to =1:2560 in the convalescent phase sample. 
An antibody titer of 1:1280 in the acute-phase sample 
without a fourfold or greater increase in the second sample 
also is considered presumptive of recent infection. A less 
time-consuming method is a capture enzyme-linked immu- 
nosorbent assay that can detect specific anti-Dengue IgM in 
a single acute-phase sample (Lam et al., Southeast Asian, J. 
Trop. Med. Public Health, 1987, 18:532^8). 

[0410] Commercial kits for the detection of specific IgG as 
well as IgM antibodies have become available. They are 
based on a dot enzyme assay or a nitrocellulose membrane- 
based capture format, respectively, and should be suitable 
for field research (Cardosa et al., /. Virol Methods, 1988, 
22:81-8; Cardosa et al., Southeast Asian, J. Trop. Med. 
Public Health, 1988, 19:591-4; Cardosa et al., Clin. Diagn. 
Virol, 1995, 3:343-50). 

[0411] An alternative to virus isolation is the detection of 
viral RNA by reverse transcription polymerase chain reac- 
tion. There are various protocols available using different 
primers and template isolation (Deubel et al., /. Virol 
Methods, 1990, 30:41-54; Henchal et al., Am. J. Trop. Med. 
Hyg., 1991, 45:418-28; Morita et al., J. Clin. Microbiol, 
1991, 29:2107-10; Morita et al., J. Med Virol, 1994, 
44:54-8; Lanciotti et al., J. Clin. Microbiol, 1992, 30:545- 
51; Suk-Yin et al., Southeast Asian, J. Trop. Med. Public 
Health, 1994, 25:258-61; Seah et al., J. Virol Methods, 
1995, 51:193-200). Reverse transcription polymerase chain 
reaction coupled with hybridization with labeled serotype- 
specific probes can detect as few as 4 plaque-forming units 
per 100 u\ serum and gives the best results early in the acute 
phase of the disease when Dengue antibodies are still low 
(Suk-Yin et al., Southeast Asian, J. Trop. Med. Public 
Health, 1994, 25:258-61). Less than 1 u\ of serum can be 
sufficient for the detection of viral RNA (Chan et al.,7. Virol 
Methods, 1994, 49:315-22). 



[0412] 4. Arenaviridae Virus Infection 
[0413] Examples of Arenaviridae viruses include Junin 
virus, Lassa virus, Macbupo virus, Pichinde virus, lympho- 
cytic choriomeningitis virus, Lassa fever virus and arenavi- 
rus (U.S. Pat. No. 5,786342). Preferably, the Arenaviridae 
viruses to be treated are Junin virus, Lassa virus, Machupo 
virus. Specific strains of Lassa virus include Josiah strain 
(Auperin, et al., Virology, 168(2):421-5 (1989); and Fidarov, 
et al., Vopr VirusoL, 35(4):326-9 (1990) and Nigerian strain 
(Qegg, et al., Virus Res., 18(2-3): 151-64 (1991)). 

[0414] Arenaviridae vims infection, and particularly 
Lassa virus, Machupo virus, or Pichinde virus infection, can 
be diagnosed by any methods known in the art according to 
clinical, immunological or molecular criteria. Any known 
immunological methods can be used in the diagnosis of 
Arenaviridae virus infection, and particularly Lassa virus, 
Machupo virus, or Pichinde virus infection (see Current 
Protocols in Immunology (Ed. Coligan et al.) John Wiley & 
Sons, Inc., 1997). Antibody-based or antigen-based immu- 
nological methods include immuniprecipitation, Western 
blotting, dot blotting and in situ immuno-detection methods 
such as immunofluorescence can be used. In a specific 
embodiment, anti-Arenaviridae virus or anti -Lassa virus, 
anti-Machupo virus and anti-Pichinde virus antibodies 
known to those of skill art in the or described herein can be 
used in the immunodiagnosis. 

[0415] Any known molecular methods can be used in the 
diagnosis of Arenaviridae virus infection, and particularly 
Lassa virus, Machupo virus, or Pichinde virus infection 
(Sambrook et al., Molecular Cloning: A Laboratory Manual 
(2nd Ed.), Cold Spring Harbor Laboratory Press, 1989); see 
also, Sarrat, et al., Bull Soc Pathol Exot Filiales., 65(5):642- 
50 (1972) (Histopathologic^ diagnosis of hepatitis due to 
Lassa virus); and Trappier, et al., Am. J. Trop. Med. Hyg., 
49(2):214-21 (1993) (Evaluation of the polymerase chain 
reaction for diagnosis of Lassa virus infection)). 

[0416] Nucleotide-sequence based molecular methods 
include nucleotide sequencing, nucleotide hybridization, 
polymerase chain reaction (PCR), especially reverse-tran- 
scriptase polymerase chain reaction (RT-PCR) can be used. 
Lassa virus nucleic acid fragments containing sequences 
from the following Genbank Accession Nos. can be used in 
the nucleotide-sequence based molecular diagnosing meth- 
ods: U80004, U73034-U73035, U63094, X52400, J04324, 
K03362 and M15076. Machupo virus nucleic acid frag- 
ments containing sequences from the following Genbank 
Accession Nos. can be used in the nucleotide-sequence 
based molecular diagnosing methods: X62616. 

[0417] G. Examples 

[0418] The following examples are included for illustra- 
tive purposes only and are not intended to limit the scope of 
the invention. 

EXAMPLE 1 

Treatment of Marburg and Lassa Virus Infection 
[0419] a. Experimental Protocals 
[0420] (1) Virus 

[0421] Marburg virus strain Popp used in the following 
experiments was received from the Belarussian Research 
Institute of Epidemiology and Microbiology (Minsk, 
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Belanissia). All work with infectious virus was performed in 
the maximum-containment biosafety level-4 (BSL-4) facil- 
ity of the State Scientific Center of Virology and Biotech- 
nology ("Vector**) (Koltsovo, Russia). This virus was ampli- 
fied in Vero E 6 cells and the supernatant was collected to 
produce stocks. This stock virus suspension (2xl0 7 PFU/ml) 
was stored at -70° C. 

[0422] Lassa virus strain Josiah used in the following 
experiments was received from Belarussian Research Insti- 
tute of Epidemiology and Microbiology (Minsk, Belanis- 
sia). This mouse-adapted Lassa virus was passaged once in 
Vero E6 cells and 3 times passaged in mice by in trace re - 
b rally challenge. This mouse-adapted Lassa virus stock was 
collected and stored at -70° C. This stock contained 10 6 
PFU ml (or 10 s LD50 by inoculation challenge of 4-week old 
BALB/c mice). 

[0423] (2) Animals 

[0424] Outbred Hartly guinea-pigs of 200-220 grams were 
used in the experiments with Marburg virus. Four-week old 
BALB/c mice (haplotype H-2d) were used in the experi- 
ments with Lassa virus. 

[0425] The animals were received from the vivarium of 
SRC VB "Vector" and kept at a standard ration. To ensure 
that the animals (guinea-pigs and mice) were spared of 
unnecessary pain and discomfort, standard anesthesia meth- 
ods were used. A single dose of ketamine/xylazine via 
intramuscular injection in the posterior region of the hind leg 
was administered to the animals. 

[0426] (3)PCR 

[0427] RT-PCR procedure for Lassa virus detection was 
performed as described in Demby et al., J. Clinical Micro- 
biology, 32:2898-2903 (1994) and for Marburg virus detec- 
tion as described in Ignatyev et al., In: Berg D. A. (ed) 
Proceedings of the 1996 ERDEC scientific conference on 
chemical and biological defense research, Nov. 19-22, 1996, 
pp. 323-330 (1996). 

[0428] b. Treatment of Marburg Virus Infection 

[0429] Animals were divided into 11 groups, each con- 
taining 6 animals: 

[0430] 1. Animals of the first group serve as virus 
controls, ie., were infected with the virus but were not 
given therapeutic or prophylactic or any treatment 
agents. 

[0431] 2^. Animals of the second group (T) were given 
1 ml of Tetracycline-Hcl (Belmedpreparats Ltd., Rus- 
sia) solution (58 mg/kg) intramuscularly from 10 days 
before virus injection until seventh day after vims 
injection daily. 

[0432] 2 d . Animals of the second group (D) were given 
1 ml of Doxycycline solution (Belmedpreparats Ltd., 
Russia) (58 mg/kg) intramuscularly from 10 days 
before virus injection until seventh day after injection 
daily. 

[0433] 3 t . Animals of the third group (T) were given 1 
ml of Tetracycline-Hcl solution (58 mg/kg) intramus- 
cularly from 5 days before virus injection until seventh 
day after injection daily. 



[0434] 3 d . Animals of the third group (D) were given 1 
ml Doxycycline solution (58 mg/kg) intramuscularly 
from 5 days before virus injection until seventh day 
after injection daily. 

[0435] 4 t . Animals of the fourth group (T) were given 1 
ml of Tetracycline-Hcl solution (58 mg/kg) intramus- 
cularly from the third day after virus injection until 
seventh day after virus injection daily. 

[0436] 4 d . Animals of the fourth group (d) were given 1 
ml Doxycycline solution (58 mg/kg) intramuscularly 
from the third day after virus injection until seventh day 
after virus injection daily. 

[0437] 5 t . Animals of the fifth group (T) serve as the 
Tetracycline controls, i.e., were given Tetracycline-Hci 
solution (58 mg/kg) intramuscularly during the 17 day 
period without virus injection. 

[0438] 5 d . Animals of the fifth group (d) serve as the 
Doxycycline controls, i.e., were given Doxycycline 
solution (58 mg/kg) intramuscularly during the 17 day 
period without virus injection. 

[0439] Animals of the above groups were parenterally 
infected with Marburg virus at a dose of SLD^ on day "0". 
The virus was detected by RT-PCR on the third day after 
infection. 

[0440] As seen in Table 3, tetracycline and doxycycline 
are not toxic to control groups (5T, 5D). Using tetracycline 
and doxycycline prophylactically does not improve survival 
rate of the animals (2T, 2D, 3T and 3D). In fact, the mean 
time to death (m.t.d.) of these groups is shorter than that of 
the virus control group (1). In contrast, using tetracycline 
and doxycycline therapeutically increases survival rate of 
the animals because 2 animals from the group 4T and 4D, 
respectively, survived the otherwise lethal infection. In 
addition, the m.t.d. of groups 4T and 4D is slightly longer 
than that of the virus control group (1). 

TABLE 3 



Tetracycline and Doxycycline by experimental Marburg-virus infection 



guinea pigs 

Group (total) survival m.t.d. 



1 


6 


0 


8.2 


(control virus) 


2T 


6 


0 


8.06 




2D 


6 


0 


7.69 




3T 


6 


0 


7.91 




3D 


6 


0 


7.6 




4T 


6 


2 


8.75 




4D 


6 


2 


854 




5T 


6 


6 




(tetracycline 










control) 


5D 


6 


6 




(doxycycline 










control) 



ni.t-.d- • mcflfl time to dcttth 



[0441] m.t.d. — mean time to death 

[0442] C. Treatment of Lassa Virus Infection 

[0443] Animals were divided into the following groups, 
each containing 20 mice: 

[0444] 1. Animals of the first group were infected with 
Lassa virus without any tetracycline or doxycycline 
treatment. 



US 2002/0077276 Al 



35 



Jun. 20, 2002 



[0445] 2. Animals of the second group were given 0.2 
ml of Tetracycline-HCl solution (58 mg/kg) from the 
third day until 7th day after virus injection (every day). 

[0446] 3. Animals of the third group were given 0.2 ml 
of Doxycycline-HCl solution (58 mg/kg) form the third 
day until 7th day after virus injection (every day). 

[0447] 4. Animals of the fourth group were given Tet- 
racycline-HCl solution during a 7 day period without 
viral infection. 

[0448] 5. Animals of the fifth group were given Doxy- 
cycline-HCl solution during a 7 day period without 
viral infection. 

[0449] Animals of groups 1-3 were infected intracere- 
bral! y with Lassa virus at a dose of 10 PFU/0.03 ml on day 
"0". The virus was detected by RT-PCR on the third day after 
infection. 

[0450] As seen in Table 4, tetracycline and doxycycline 
are not toxic to control groups (1). Using tetracycline and 
doxycycline therapeutically increases survival rate of the 
animals because Group 2 and 3 have higher survival rates 
than Group 1 (P<0.01). In addition, the m.t.d. of groups 2-3 
is slightly longer than that of Group 1. 

[0451] Levels of IL-1, IL-IRa, TNF and soluble TNF 
receptor (sTNFR) were monitored in the Lassa virus control 
animals (Table 5) and tetracycline or doxycycline treated 
animals (Table 6) by EUSA using the ELISA kits or 
antibodies from R&D Systems, Inc. (U.S.A.). The ratio of 
IL-l/IL-lRa in virus control animals , (Table 5) increased 
dramatically to about 20 fold of the base level (Day 9) as the 
infection progressed and then returned to the base level (Day 
21). In contrast, the ratio of IL-l/IL-IRa in tetracycline or 
doxycycline treated animals (Table 6) increased to only 
about 5 fold of the base level (Day 3) and then returned to 
the base level (Day 21). Based upon the kinetics of the 



IL-l/IL-Ra ratio and sTNFr, treatment with a tetracycline 
compound appears to abort or limit infection. 

TABLE 4 



Tetracycline and Doxycycline for experimental Lassa - virus infection 



Group 


Total 


Mice 
death 


survival 


ra-Ld. 


1 (virus control) 


20 


12 


8 


8.92 


2 (doxycycline treatment) 


20 


6 


14 


9.09 


3 (tetracycline treatment) 


20 


4 


16 


9.43 


4 (doxycycline control) 


20 


0 


20 


tud. 


5 (tetracycline control) 


20 


0 


20 





m.td. - mean time to death 
n.d. - no detection 



[0452] m.t.d. — mean time to death n.d. — no detection 
TABLE 5 



LL-l, IL-IRa, TNF and sTNFr production in control »nim»l« 
CONTROL Lassa VIRUS (pgAnl) (Survival 8 from 20) 



DAYS 


IL-1 


IL-IRA 


IL-l/IL-IRA 


TNF 


sTNFr 


0 


1.9 


51 


0.037 


1.56 


12.6 


1 


7.6 


66 


0.115 


4.8 


16.4 


3 


21.84 


120 


0.182 


22.6 


25 


5 


415 


130 


0.319 


22.8 


25 


7 


47.88 


121 


0395 


23.4 


25 


9 


49.92 


66 


0.756 


22.6 


25 


m.Ld. 892 


15 


22.15 


121 


0.183 


16.4 


100 


21 


3.2 


63 


0.050 


Z4 


18.2 



[0453] 



TABLE 6 



IL-1, IL-lra, TNF and sTNFr production in Lassa virus infected animals 



Doxycycline Tetracycline 



IL-l/EL- IL-l/IL- 
DAYS IL-1 IL-IRA IRA TNF TNFR LL-l EL-IRA ERA TNF sTNFR 



0 


1.9 


. 51 


0.037 


1.56 


12.6 


1.9 


51 


0.037 


1.56 


12 


1 


7.6 


66 


0.115 


4.8 


16.4 


7.6 


66 


0.115 


4.8 


16 


3 


21.84 


120 


0.182 


22.6 


25 


21.84 


120 


0.182 


22.6 


2 


5 


38.3 


280 


0.136 


20.4 


52 


19.4 


180 


0.107 


26.4 


40 


7 


31.2 


500 


0.060 


17.16 


751 


12.48 


200 


0.062 


20.28 


100 


9 


16.6 


690 


0.024 


16.2 


721 


10.2 


520 


0.019 


17.2 


120 


15 


12.48 


175 


0.073 


14.04 


20 


7.8 


84 


0.091 


14.82 


50 


21 


2.6 


56 


0.046 


2.1 


13.8 


2.4 


54 


0.044 


2.0 


16 



rnXd. 9.09 
survival 14 (20) 
70% 



m.td. 9.43 
survival 16 (20) 
80% 
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EXAMPLE 2 

Treatment of Dengue Virus Infection 
[0454] a. Experimental Protocols 
[0455] (1) Virus 

[0456] Dengue virus, type 2 was used in the following 
experiments. All work with infectious virus was performed 
in the maximum-containment biosafety level-3 (BSL-3) 
facility of the "\fector". This virus was amplified in the brain 
of succlik mice (inbred BALB/c mice from Vector) and was 
collected to produce stocks. This stock virus suspension was 
stored at -40° C, containing 6.8 Ig LD so /m\ (in mice 
BALB/c by intraperitoneal challenge). 

[0457] (2) Animals 

[0458] 4-week old BALB/c mice (haplotype H-2d) were 
used in the experiments with Dengue vims infection. Mice 
weigh 12-14 grams. The animals were received from SRC 
VB "Vector" and kept at a standard ration. 

[0459] (3) RT-PCR Procedure 

[0460] The virus detection was provided by PCR-method. 
Primers for Dengue virus type 2 detection are upper 
S'AATATGCTGAAACGCGAGAGAAACCG (position 
136-161 of the Dengue virus RNASEQ ID No. 23 and lower 
5*AAGGAACGCCACCAAGGCCArG (position 237-258) 
SEQ ID NO. 24. 

[0461] RNA was extracted from serums of infected ani- 
mals (mice) using the RNeasy Kit (Quigen, Germany). For 
RT-PCR, Titan kits (Behringer, Germany) were used. 
Reverse transcription was conducted at 42° C. for 60' 
followed by 40 amplification cycles at 94° C. for 30\ 55° C. 
for 1', and 68° C. for 2' with a final extension at 68° C. for 
7 mins. Amplification was conducted in 0.2 ml tubes with a 
model BIS-105M thermocycler (Russia). 

[0462] b. Treatment of Dengue Virus Infection 

[0463] Group 1 

[0464] The animals of this group (60 animals) were given 
Doxycycline solution (58 mg/kg) intramuscularly every day 
for 4 days. From the first day, sera were taken from mice 
daily to detect concentration of IL-1, TNF, IL-1RA and 
sTNFr (Table 7). 

[0465] Group 2 

[0466] Animals of the second group are virus controls, i.e., 
were infected with the Dengue virus without doxycycline 
treatment. The virus detection was provided by PCR-method 
on the second day after infection. From the first day after 
infection, sera were taken from mice daily to detect con- 
centration of IL-1, TNF, IL-1RA and sTNFr (Table 8). 

[0467] Group 3 

[0468] The animals from this group were given 0.2 ml of 
Doxycycline solution (58 mg/kg) intramuscularly from the 
second day after vims injection till the fifth day daily. The 
virus detection was provided by PCR-method on the second 
day after infection. From the first day after infection, sera 
were taken from mice daily to detect concentrations of IL-1, 
TNF, IL-1RA and sTNFr (Table 9). 



[0469] Group 4 

[0470] The animals from this group were given 0.2 ml of 
doxycycline solution (58 mg/kg) intramuscularly from the 
third day after virus injection till the fifth day daily. The 
virus detection was provided by PCR-method on the second 
day after the infection. From the first day after infection, sera 
were taken from mice daily to detect concentration of IL-1, 
TNF, IL-1RA and sTNFr CTable 10). 

[0471] GroupS 

[0472] The animals from this group were given, intrave- 
nously daily from the second day after infection till the sixth 
day, 03 ml of the serum collected from the animals of the 
group 1 on the first day after those animals were treated with 
doxycycline. In this volume, the Serum collected from the 
animals of group 1 contain 6.6 pg IL-1, 60 pg EL-lra, 1.5 pg 
TNF and 25 pg sTNFr. The vims detection was provided by 
PCR-method on the second day after infection. From the 
first day after infection, the sera were taken from the mice 
of group 5 to detect concentration of IL-1, TNF, I L- IRA and 
sTNFr (Table 11). 

[0473] Group 6 

[0474] The animals from this group were given, intrave- 
nously daily from the second day after infection till the sixth 
day, 03 ml of the serum collected from the animals of the 
group 1 on the second day after those animals were treated 
with doxycycline. In this volume, the Serum collected from 
the animals of group 1 contain 6 pg IL-1, 20 pg IL-lra, 5.5 
pg TNF and 12 pg sTNFr. The virus detection was provided 
by PGR method on the second day after animals infection. 
From the first day after infection, sera were taken from the 
mice of Group 6 daily to detect concentration of IL-1, TNF, 
IL-IRA and sTNFr (Table 12). 

[0475] C. Results and Discussion 

[0476] As seen in Table 7, injection of doxycycline to the 
uninfected mice increases production of the cytokines and 
their soluble receptors. It is noteworthy that this response, 
i.e., increased production of cytokines and their soluble 
receptors, to the first doxycycline injection was higher than 
to the second and the third doxycycline injection. This 
difference signifies development of the refractory period in 
mice on the second and the third day after the injection of 
doxycycline. Therefore, multiple injections of doxycycline 
to the uninfected mice does not keep high concentrations of 
the soluble cytokine receptors in their sera. Also, the sur- 
vival rate for group 5, which received serum containing 60 
pg of IL-IRa was higher than that in group 6 in which the 
IL-IRa level was 20 pg. 

[0477] The experiments using BALB/c (haplotype H-2d) 
and C57BI/6 (H-2b) mice show that the dosage of Dengue 
virus of 10-10,000 LD^ is absolutely lethal (100%) after 
intraperitoneal challenge to these mice weighing 12-14 
grams. 

[0478] In the experiments described below, BALB/c mice 
weighing 12-14 grams were used. These mice died toward 
the end of the fifth day after the infection with the dose of 
Dengue virus 100 LD 50 . In the sera of animals from Group 
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2 (vims control group), the concentration of IL-1 increases 
during the development of the infection more significantly 
than the concentration of II^IRA (Table 8). The large excess 
of IL-1 over IL-1RA manifests in the ratio of IL-1/IL-1RA. 

[0479] These experiments show the importance of detect- 
ing Use ratio IL-1/IL-1RA in prognosis of the development 
of the disease caused by the Dengue virus infection. The 
change in the ratio of TNF to sTNFr during the course of 
Dengue virus infection is analogous to that of the ratio of 
IL-1 to IL-IRA. Overall, the concetration of these two 
cytokines increases more significantly than that of their 
respective receptors during the course of the infection. The 
concentration of TNF increased 500 times on the day of 
death but the concentration of sTNFr only increased 4 times. 
In addition, the ratio of TNF/sTNFr, rather than the TNF 
concentration itself, is more significant for the resolution of 
Dengue virus infection. 



TABLE 7 



Level of IL-1, TNF, soluble receptors: LL-IRA and sTNF 
after Doxycycline solution injection (Group 1) 

IL-iy TNF/s 
IL-1 IL-IRA IL-IRA TNF sTNFrl TNFrl 
Days (pg/ml) (pg/ml) (I) (pg/ml) (pg/ml) (It) I + H 









Before the injection 








0 


2.95 


30 


0.098 1.17 


17 


0.068 


0.166 








After the injection 








1« 


20.62 


180 


0.115 4.68 


85 


0.072 


0.187 


2** 


17.43 


60 


0.291 1755 


38 


0.462 


0.753 


3 


17.48 


80 


0.219 9.36 


35 


0.267 


0.486 


4 


17.93 


175 


0.102 8.19 


38 


0.216 


0.318 



*- Serum 1 
••- Serum 2 

[0480] 



TABLE 8 



Level IL-1, TNF, soluble receptors: IL-IRA and sTNF 
during of the experimental Dengue- virus infection (Group 2) 

IL-I/IL- 

IL-I IL-IRA IRA TNF sTNFrl TNF/sTNF Survival/ 
DAYS (pg/ml) (pg/ml) (I) (pg/ml) (pg/ml) (II) I + O dead 



0 


Z95 


30 


0.098 


1.17 


17 


0.068 


0.166 


10/0 


1 


10.6 


70 


0.151 


8.19 


32 


0.256 


0.407 


10/0 


2 


16.8 


65 


0.258 


26.9 


37 


0.727 


0585 


10/0 


3 


26.7 


70 


0,381 


35.1 


45 


0.780 


1.161 


10/0 


4* 


32.76 


78 


0.420 


51.6 


45 


1.147 


1567 


8/2 


5*# 


40.6 


92 


0.441 


5625 


65 


8.654 


9.095 


0/8 



rn.td.-4.76 



•-blood samples taken from mice with clinical symptoms. 

#-5 mice dies to the beginning of the fifth day and 3 mice to the end of this day. 
m.Ld.-mean time of death 
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TABLE 9 



Level of IL-1, TNF, soluble receptors; IL-IRA and sTNF during the 
Doxycycline treatment (from the second day) of the experimental 
Dengue-infection (type 2) (Group 3) 



IL-1/ 

IL-1 IL-IRA IL-IRA TNF sTNFrl TNF/sTNF Survival/ 
Days (pg/ml) (pg/ml) (I) (pg/ml) (pg/ml) (II) I + II dead 



0 


2.95 


30 


0.083 


1.17 


17 


0.068 


0.151 


10/0 


1 


10.6 


70 


0.151 


8.19 


32 


0.256 


0.407 


10/0 


2 


16.8 


65 


0.258 


265 


37 


0.727 


0585 


10/0 



the beginning of the treatment 



3 


17.9 


85 


0.211 


39.89 


46 


0.432 


0.643 


10/0 


4 


24.18 


76 


0.318 


2457 


50 


0.491 


0.809 


10/0 


5 


30.42 


78 


0.390 


2625 


70 


3.75 


4.14 


10/0 


6 


n.d. 


n.d. 


n.d 


tuL 


n.d. 


iLd 


ILd. 


0/10 



m.Ld.-mean time to death— 6 days 
n.d.-no death 
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TABLE 10 



Level of IL-1, TNF, soluble receptors; EL- IRA and sTNF during 
the Doxy cy dine treatment (from the third day) of the 
experimental Dengue (type 2) virus infection (Group 4) 





IL-1 




IL-1/ 


TNF 




TNF/ 




Surviv- 




(PB/ 


IL-IRA 


IL-IRA 


(Pg/ 


sTNFrl 


sTNF 




al/ 


Days 


ml) 


(pg/ml) 


» 


ml) 


(pg/ml) 


00 


I + II 


dead 


0 


2.95 


30 


0.083 


1.17 


17 


0.068 


0.151 


10/0 


1 


10.6 


70 


aisi 


8.19 


32 


0.256 


0.407 


10/0 


2 


16.8 


65 


0.258 


26.9 


37 


0.727 


0.985 


10/0 


3 


26.7 


70 


0.381 


35.1 


45 


0.780 


1.161 


30/0 






the begin ni 


ng of the treatme 


at 






4* 


30.42 


76 


0.400 


46.8 


48 


0275 


1.375 


6/4 




36.6 


84 


0.435 


3373 


70 


4.821 


5.256 


2/4 


















V3 


6 


a.i 


ujL 




n.d. 


iLd. 


ruL 


iLd. 


0/1 



n.d, -no death 
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TABLE 11 



Level of IL-1, TNF, soluble receptors: IL-IRA and sTNF during 
the treatment by Serum Nl of the experimental Dengue (type 2) 
vims infection (Group S) 





IL-1 




IL-1/ 


TNF 




TNF/ 




Surviv- 




(PS/ 


IL-IRA 


IL-IRA 


(Pg/ 


sTNFrl 


sTNF 




al/ 


Days 


ml) 


(pg/ml) 


CO 


ml) 


(pg/ml) 


(II) 


i + n 


dead 


0 


2.95 


30 


0.083 


1.17 


17 


0.068 


0.151 


1Q/0 


1 


10.6 


70 


0.151 


8.19 


32 


0256 


0.407 


10/0 


2 


16.8 


65 


0.258 


26.9 


37 


0.727 


0.985 


10/0 








beginning of the l 


treatment 








3 


22.4 


90 


0.248 


28.4 


66 


0.430 


0.678 


10/0 


4 


28.6 


90 


0.317 


32.6 


74 


0.440 


0.757 


10/0 


5 


38.8 


96 


0.404 


196.8 


89 


221 


2.614 


10/0 


6 


52.4 


98 


0334 


326.6 


98 


333 


3.866 


2/8 


7 


nxl 


rut 


ILd. 


ILd. 


iLd. 


iLd. 


n.d. 


0/2 



m.td.-mean time to death— 62.1 days 
n.d-no death 
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TABLE 12 



Level of IL-1, TNF, soluble receptors: IL-IRA and sTNF during the 
treatment by serum N2 of the experimental Dengue (type 2) virus 
infection (Group 6) 

IL-I IL-I/ TNF TNF/ Surviv- 

(pg/ IL-IRA IL-IRA (pg/ sTNFrl sTNF at/ 
Days ml) (pg/ml) (0 ml) (pg/ml) (II) UO dead 



0 2.95 30 0.083 1.17 17 0.068 0.151 10/0 

1 10.6 70 0.151 8.19 32 0256 0.407 10/0 

2 16.8 65 0.258 26.9 37 0.727 0.985 10/0 

the beginning of the treatment 

3 28.4 75 0.378 30.6 50 0.612 0.990 10/0 

4 35.2 84 0.419 48.8 54 0.903 1322 8/2 

5 414 88 0.481 316.4 76 4.16 4341 2/6 

6 n-d. o,d n.d. n.d. tuL n.d. o.d. 0/2 



n.d. -no death 
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TABLE 13 



Effects of the different methods of treatment of the experimental Dengue 
(type 2) virus infection 



Group 


Scheme of 
Treatment 


Survival/dead 


m.Ld. 


2 


Virus control 


0/10 


4.76 






2 mice - on 4 day 








8 mice - on 5 day 




3 


doxycydine (from 


0/10 


6.00 




the 2 day till 5 day 


10 mice on day 6 






after infection) 






4 


doxycydine (from 


0/10 


4.62 




the 3 day till 5 day 


4 mice - on 4 day 






after infection) 


5 mice - on 5 day 








1 mice - on 6 day 




5 


serum 1 (from the 


0/10 


621 




2 day till 5 day 


8 mice - on 6 day 






after infection) 


2 mice - on 7 day 




6 


serum 2 (from the 


0/10 


422 




2 day till Eve day 


2 mice - on 4 day 






after infection) 


6 mice - on 5 day 








2 mice - on 6 day 





mXd. - mean time to death - 4.92 days 



EXAMPLE 3 

Treatment of Endotoxic Shock, Mousepox, Lassa 
Fever, Hemorrhagic Fever with Renal Syndrome 
(HFRS) and Dengue Fever with a Tetracycline 
Compound, IL-IRa and Combinations Thereof 

[0486] a. Expression of Soluble IL-1 Receptor Antagonist 
(IL-IRa) in £. coli 

[0487] The coding region of the IL-IRa (residues 3-152, 
numbering according to Eisenberg et al. (1990) Nature 
343:341-346; see, also Arend et al. (1990) /. 

[0488] Clin. Invest. 85:1694-1797 and Hannum et al. 
(1990) Nature 343:336-340) as amplified from U937 cDNA 
by PCR with the introduction of an additional glycine 
residue, a BamHI restriction site at the 5' end and an EcoRi 
site at the 3' end (5* oligonucleotide CGG GAT CCG GGA 
GAAAAT CCA GCAAGATG SEQ ID NO. 25; 3' oligo- 
nucleotide CGG AATTCC CCT ACT CGT CCT GGA SEQ 
ID NO. 26). Using these primers, the mature recombinant 
IL-IRa protein has the N-terminal sequence GSGRK, which 
is different from that of the native IL-IRa protein, which is 
RPSGRK. The PCR product was introduced into the fusion 
protein expression vector pGEX-2T (Pharmacia; see, also 
Smith et al. (1988) Gene 67:21-40) and transformed into the 
E. coli strain NM554 (well known, see, e.g., Raleigh et al. 
(1988) Nucl Adds Res. 16:1563-1575; and commercially 
available from, for example, Stratagene, La Jolla, Calif.). 
The expressed fusion protein glutathione S-transferase 
(GST)-IL-lRa is cleaved with thrombin to obtain an authen- 
tic recombinant IL-IRa protein. 

[0489] b. Monitoring Production of TNF, Soluble TNF 
Receptor (sTNF R), IL-1, II^lRa in the Following Disease 
Models 

[0490] There are disease models for monitoring disease 
progression and the efficacy of various treatment protocols. 
Exemplary models are as follows. 



38 
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[0491] (1) Scfawarzmann Reaction (Endotoxic Shock) 

[0492] Endotoxic shock is accompanied by an increased 
I FN, TNF and IL-1 production, which simulates bacterial 
infection. BALB/c mice model are used in this study. 

[0493] (2) Ectomelia (Mousepox) 

[0494] BALB/c mice model are used in this study. Devel- 
opment of this lethal disease is accompanied by the 
increased TNF, IL-1 and IFN production. 

[0495] Ectomelia virus gains entry through minute abra- 
sions of the skin where it multiplies to produce a primary 
lesion. While this lesion is developing, a series of invasive 
steps produce a secondary viremia that seeds the skin and 
other organs with virus. A rash appears about 3 days after the 
primary lesion occurs. 

[0496] (3) Experimental Lassa Fever 

[0497] CBA/calac mice, which are highly sensitive to 
Lassa virus infection, are used in this study. Infection with 
the Lassa virus in the CBA/calac mice is accompanied by 
inflammation characterized histologically by cerebral 
edema, functional activity of kupffer cells, and necrosis of 
individual bepatocytes. Marked cytokine production also 
accompanies the disease development. 

[0498] (4) Experimental HFRS Fever (Hantaan Virus) 

[0499] C57B1/6 mice, which are highly sensitive to Han- 
taan virus infection, are used in this study. Development of 
this lethal disease is accompanied by the increased TNF and 
IL-1 production. 

[0500] (5) Experimental Dengue Fever 

[0501] BALB/c mice are used in this study. The mice are 
infected with denver fever virus. Development of this lethal 
disease is accompanied with by increased TNF, IL1 and 
IFN production. 

[0502] The data on dynamics of TNF, IL-1, sTNF and 
Il^lra production and also dynamics of viremia are col- 
lected. These data allow the interrelationships between these 
cytokines, soluble receptors and the disease course to be 
determined. The scheme of administration of the soluble 
I L- Ira and anti-TNF and anti-IL-1 drugs, which are likely to 
provide the healing of Systemic Inflammatory Response 
Syndrome (SIRS) in the above models, are based on the 
results thus obtained. 

EXAMPLE 4 

Treatment of the Dengue Virus Infection with 
Various Tetracycline and Tetracycline-like 
Compounds 

[0503] Materials 
[0504] Virus 

[0505] Dengue virus type 2. Virus amplification by two 
passes through the brains of suckling mice. Mice were 
infected with 5 LD 50 's of virus. 

[0506] Animals 

[0507] 160 mice BALB/c (haplotype H-2d), age 4 weeks 
were used for the experiment. 

[0508] Experimental Scheme 

[0509] A groups, control groups (virus only; 50 mice) 
Group Al, 20 mice, was the control group for mortality. 



[0510] Group A2, 30 mice, was used for obtaining blood 
samples on the day (0) and days 1, 3, 5 and 6 post infection. 
Blood samples were obtained from the orbital sinuses (at 
every time point 3 mice were used for harvesting blood). All 
blood samples (500 fA) were frozen (-70 C). After comple- 
tion of the experiment, the concentrations of TNF and IL-1 
were measured. 

[0511] B groups, 60 mice, treatment with tetracycline 
hydrochloride (20 mg/kg) from the third day before the virus 
infection until 8 days after virus injection administered twice 
per day, orally in a volume of 30 /d. 

[0512] Group Bl, 20 mice, control for mortality. 

[0513] Group B2, 40 mice, was used to obtain blood 
samples on the day (-1), (0) and days 1, 3, 5, 6, 7 and 12 post 
infection. Blood samples were obtained from the orbital 
sinuses (at every time point 3 mice were used for harvesting 
blood). All blood samples (500 /d) were frozen (-70 G). 
After completion of the experiment the concentrations of 
TNF, IL-1 were measured. 

[0514] C groups, 60 mice, treatment with \fybromycine 
suspension (20 mg/kg) from the third day before the virus 
infection until 8 days after virus injection, twice per day, 
orally in a volume of 30 fA. 

[0515] Group CI, 20 mice, control for mortality. 

[0516] Group C2, 40 mice, was used to obtain blood 
samples on day (-1), (0) and days 1, 3, 5, 6, 7, 8 and 12 post 
infection. Blood samples were obtained from the orbital 
sinuses (on every time point 3 mice were used for harvesting 
blood). All blood samples (500 (A) were frozen (-70 C). 
After the whole experiment had finished, the concentrations 
of TNF, IL-1 were measured. 

[0517] D groups, 60 mice, treatment with Terramycine (20 
mg/kg) from the third day before the virus infection until 8 
days after virus injection, twice per day, intramuscularly in 
volume 100 /il. 

[0518] Group Dl, 20 mice, control for mortality. 

[0519] Group D2, 40 mice, was used to obtain blood 
samples on day (-1), (0) and days 1, 3, 5, 6, 7, 8 and 12 post 
infection. Blood samples were obtained from the orbital 
sinuses (on every time point 3 mice were used for harvesting 
blood). All blood samples (500 ^1) were frozen (-70 C). 
After the whole experiment had finished, the concentrations 
of TNF, IL-1 were measured. On the third day after chal- 
lenge by the Dengue virus all samples taken from the 
infected mice were tested by RT-PCR for the virus detection. 

TABLE 13 



Dynamics of the changes of the concentrations of TNF-a and 
IL-lft in the serum of animals from all Groups. 

ILrl TNF 

Group Days pg/mi pg/ml Survival/total amount 



Groups A 

Group Al (20 
mice) % (survival) 
A2 (virus control (30 mice) 5 

0 7.0 18.4 20/20 mXd. - 5.5 

1 123 22.6 20/20 
" 3 54.8 • 50.8 20/20 

5 803 1123 12/20 
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TABLE 13-conlinued 



6 


166.8 


136.6 


4/20 




7 


ad 


n.d 


1/20 




12 






1/20 












Group Bl (20 










mice) % (survival) 


B2 (tetracycline treatment; 40 mice) 


40 


-1 


6.8 


18.4 


20/20 


m.t A - 5.84 


0 


6.8 


16.0 


20/20 




1 


10.8 


16.6 


20/20 




3 


46.8 


14.0 


20/20 




5 


66.0 


28.8 


16/20 




6 


56.8 


38.4 


11/20 




7 


10.2 


33 


8/20 




12 


7.4 


19.6 


QfZXJ 












Group CI (20 










mice)% (survival) 


C2 (Vybromycine treatment; 40 i 


nice) 


20 


-1 


7.0 


20.4 


20/20 


m.LdL - 6.7 


0 


7.0 


18.8 


20/20 




1 


11.6 


12.6 


'20/20 




3 


60.0 


10.8 


20/20 




5 


62.0 


16.0 


19/20 




6 


84.4 


34.0 


15/20 




7 


64.0 


30.6 


5/20 




8 


30.0 


26.0 


4/20 




12 


17.8 


22.2 


4/20 












Group Dl (20 










mice)% (survival) 


D2 (lerramydne t> 


raiment; 40 t 


nice) 


15 


-1 


12. 


18.8 


20/20 


rnXd. - 6.53 


0 


7.0 


17.0 


20/20 




1 


21.8 


15.2 


20/20 




3 


112.0 


25.6 


20/20 




5 


84.0 


26.0 


19/20 




6 


80.0 


36.2 


11/20 




7 


76.0 


28.0 


6/20 




8 


42.0 


20.0 


3/20 




12 


16.0 


18.0 


3/20 





[0520] The results set forth in Table 13 show that in the 
virus control group A2, the concetration of 1 1^1 increased 
24-fold during the course of the disease (from the day 0 until 
the day 7), and the concentration of TNF increased 7-fold; 
m.t.d. in this group was 5.5 days and all animals died. In 
group B2, which was treated with tetracycline therapy, 40% 
of the animals survived (the m.t.d. of 5.84 is not statistically 
different from group A2). The concentration of IL-1 
increased 10-fold by day 5 of the disease, the concentration 
of TNF increased 2-fold, the level of the cytokines in the 
serum of the animals of this group was statistically lower 
than in the control A2 group. In group C2, which was treated 
vibromycline, 20% of the animals survived, m.t.d. was 6.7 
statistically higher than in the control A2 group. The con- 
centration of IL-1 increased 12-fold by day 6 of the infec- 
tion, and the concentration of TNF increased 3-fold. The 
level of cytokines in the serum of the animals of this group 
was statistically lower than in the control A2 group. In group 
D2, which was treated with terramycine, 15% of the animals 
survived, m.t.d. was 6.53, which is statistically longer in the 
control A2 group. The ' concentration of IL-1 increased 
16-fold by day 3 of the disease and stayed at this level until 
the day 7. The concentration of TNF increased 2-fold by day 
6 of the disease. The levels of the cytokines in the serum of 



the animals in this group were statistically lower than in the 
control group A2. Soluble tetracycline was most effective. 

EXAMPLE 5 

Treatment of the Dengue Virus Infection with 
Various Tetracyclines and serum 

[0521] Virus 

[0522] Dengue virus, type 2. All work with infectious 
virus was performed in the maximum-containment biosafety 
level-3 (BSL-3) of the SRC VB))Vector)). This virus was 
amplified in the brain of the suckling mice and was collected 
to produce stocks. This stock virus suspension was stored at 
-40 C, contained 6.8 LDso/ml (in the mice BALB/c by 
intraperitoneal challenge). For infecting mice we used 5 
LD virus. 

so 

[0523] Animals 

[0524] 4-week-old BALB/c mice (haplotype H-2d), which 
weighed 12-14 grams, were used in the experiments with 
Dengue virus. The animals were received from the vivarium 
of SRC VB ((Vector)) and kept on a standard ration. 

[0525] RT-PCR Procedure 

[0526] Primers for Dengue virus type 2 detection were: 
Upper 5'AAEATGCTGAAACGCGAGAGAAACCG (posi- 
tion 136-161) SEQ Lower 5'AAGGAACGCCACCAAG- 
GCCATG (position 237-258) SEQ ID No. 24. 

[0527] RNA was extracted from the serum of the infected 
animals (mice) by means of RNeasy Kits (Quiagen, Ger- 
many). For RT-PCR Titan-Kits (Berhringer, Germany) were 
used. Reverse transcription was conducted at 42° C. for 60 
min, followed by 40 amplification cycles at 94° C. for 30 
sec, at 55° C. for 1 min, and at 68° C. for 2 min, with a final 
extension at 68° C. for 7 min. Amplification was conducted 
in 0.2-ml tubes with a model BIS-105M thermocycler (Rus- 
sia). The virus detection was provided by PCR on the second 
day after animals infection. 

[0528] Experimental Scheme 

[0529] Mice of all groups were infected by 5 LD^ of 
Dengue virus. 

[0530] Groups A — control groups (only virus). 

[0531] Group Al — 20 mice — control for mortality. 

[0532] Group A2 — 30 mice — was used for obtaining 
blood samples on day (0) and on days 1, 3, 5 and 6 post 
infection. The blood samples were obtained from the orbital 
sinuses (at every time point 3 mice were used for harvesting 
blood). All blood samples (500 /d each) were frozen at -70° 
C. After completion of the experiment, the concentrations of 
TNF-a and IL-ip were measured. Groups C, 36 mice, were 
the Human serum treatment group. Treatment was carried 
out with the Human serum stimulated by Vibromycine. The 
Human serum was obtained from the blood of a human 
administered vibromycine (150 mg) orally twice a day 
(every 12 hours). The human blood was taken on the second 
and the third day after the beginning of the stimulation. The 
concentration in the human serum of IL-1 RA was 184 pg/ml, 
and the concentration of sTNFrl was 950 pg/ml. 

[0533] Treatment of the mice commenced on the third day 
after viral infecting of the mice and continued until day 8. It 
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was administered intraperitonealy twice a day in the volume 
of 200 fA per dose. The dose of the infusing human serum is 
about 16% of the blood volume of a mouse. 

[0534] Groups B — Tetracycline treatment groups. 

[0535] Treatment with Tetracycline hydrochloride (100 fig 
in a volume of 30/il) was carried out from the third day after 
virus infection until day 8, twice per day, orally. Tetracycline 
is more soluble than vibromycine so that is could be admin- 
istered more readily in solution to the mice. 

[0536] Group Bl— control for mortality (20 mice). 

[0537] Group B2 — 30 mice — was used for obtaining 
blood samples on day (0) and days 1, 3, 5, 6 and 12 post 
infection. Blood samples were obtained from the orbital 
sinuses (at every time point 3 mice were used for harvesting 
blood). All blood samples (500 /il each) were frozen -70° C. 
After completion of the experiment, the concentrations of 
TNF-a, and IL^ip were measured. 

[0538] Groups C 

[0539] Group CI — control for mortality. 10 mice. 

[0540] Group C2 — 26 mice — was used for obtaining 
blood samples on day (0) and days 1, 3, 5 and 12 post 
infection. Blood samples were obtained from the orbital 
sinuses (at every time point 3 mice were used for harvesting 
blood). All blood samples (500 /d) were frozen and -70° C. 
After completion of the experiment, the concentrations of 
TNF-a and IL-lp were measured. 

[0541] Groups D Control for human serum treatment 
groups. 

[0542] The control for treatment was human serum 
obtained from the human before the Vibromycine stimula- 
tion. This "normal" human serum contained 24.4 pg/ml of 
IL-1RA and 25.0 pg/ml of sTNFRl. The volume dose and 
method of infusion were the same as during the Human 
serum treatment course. Treatment with the normal human 
serum commenced on the third day after virus infection until 
day 7, twice per day, intraperitonealy in a volume of 200 /d 
per dose. The dose of the infusing normal human serum was 
about 16% of the blood volume of a mouse. 

[0543] Group Dl — 10 mice — control for mortality. 

[0544] Group D2 — 26 mice — was used for obtaining 
blood samples on day (0) and days 1, 3, 5 and 6 post 
infection. Blood samples were obtained from the orbital 
sinuses (at every time point 3 mice were used for harvesting 
blood). All blood samples (500 fA) were frozen at -70° C. 
After completion of the experiment, the concentrations of 
TNF-a and IL-lp were measured. 

[0545] Groups E. Treatment with anti-TNFa serum. 

[0546] Group El— 10 mice. 

[0547] For treatment rabbit serum prepared against the 
human TNF-a was used. The neutralizing activity of this 
rabbit's serum was 1 ng/ml. Treatment with anti-TNF-a 
serum commenced on the third day after virus infection until 
day 7, twice per day, intraperitonealy in a volume of 200 /d 
per dose. The dose of the infusing anti-TNF-a serum rep- 
resented 16% of the blood volume of a mouse. 



[0548] Group E2-10 mice. 

[0549] The treatment with the normal rabbit serum was 
carried out from the third day after virus infection until day 
6, twice per day, intraperitonealy in a volume of 200 fA per 
dose. The dose of the infusing normal rabbit serum repre- 
sented 16% of the blood volume of a mouse. 
[0550] Results 

[0551] The results of the experiments show that the oral 
administration of Tetracycline (groups B) for the treatment 
of the experimental Dengue fever in mice (20 mg/kg, daily) 
prolongs (statistically significant) the lifetime of the ani- 
mals, and increases (statistically significant) the number of 
the surviving mice (Table 14). The data (see Table below) 
shows that treatment considerably reduces inflammatory 
cytokines such as TNFa and IHp (Table 15). Treatment 
with stimulated human serum (groups C) containing the 
increased concentrations of the receptors of the cytokines 
also prolonged the lifetime of the mice, and increased the 
number of surviving animals. The results of the treatment by 
the normal human serum (groups D) did not reveal any 
significant differences from the results in the Control group 
A. Hence this data demonstrates the essential role of TNFa 
in the development of the experimental Dengue fever. 

[0552] These results are further confirmed by the results of 
the anti-TNFa serum treatment (group El). In this group 
60% of all animals survived and the lifetime was signifi- 
cantly higher. 

TABLE 14 

The average lifetime and the data of the mortality among the treated 
mice with the experimental Dengue fever 



Group 



Scheme of Treatment 



Survived/died m.Ld 



Al 


virus control 


0/20 


6.94 + 0.02 


Bl 


Tetracycline treatment 


9/11 


8.40 ± 0.73* 


CI 


Human serum (with 


3/7 


8.54 ± 0.42* 




sTNF RI and EL-IRA) 
treatment 






Dl 


<Normal>human serum 


0/10 


7.00 * 0.31 


El 


Anti-TNF-a serum 


4/6 


8.70 * 0.48V 




treatment 






E2 


Normal rabbit serum 


0/10 


6.94 ± 0.02 




treatment 







"the difference with the group A is statistically significant (P < 0.1) 
**the difference with the group E2 is statistically significant (P < 0.1) 



[0553] 



TABLE 15 



Dynamics of the changes of the concentrations of TNF-a and IL-p in 
the serum of the animals with the experimental Dengue fever 



Group Scheme of Treatment 



IH TNF 
Day pg/ml pg/ml 



A2 



B2 



virus control 



Tetracycline treatment 



0 


6.2 


8.0 


1 


12.1 


14.4 


3 


32.8 


36.8 


5 


62.6 


116.4 


6 


88.4 


459.2 


0 


6.0 


7.8 


1 


12.0 


13.8 


3 


36.0 


38.2 


5 


48.6 


56.2 


6 


62.4 


156.8 


12 


15.6 


18.0 


21 


5.8 


7.4 
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TABLE 15-continued 



Dynamics of the changes of the concentrations of TNF-a and IL-p in 
the serum of the animals with the experimental Dengue fever 



Group 


Scheme of Treatment 


Day 


IL-1 
pg/ml 


TNF 
pg/ml 


C2 


Human serum (with 


0 


6.2 


7.8 




STNFrl IL-1RA) treatment 


1 


12.2 


14.0 






3 


36.8 


35.8 






5 


52.4 


7*2 






12 


18.2 


19.2 






21 


6.6 


7.6 


D2 


<NormaI> human serum 


0 


7.0 


7.6 




treatment 


1 


12.2 


13.6 






3 


36.4 


36.8 






5 


60.8 


98.2 






6 


84.2 


320.0 



EXAMPLE 6 

Treatment of Marburg Virus Infection 
[0554] Virus 

[0555] Marburg virus strain Popp was received from the 
Belarussian Institute of Epidemiology and Microbiology. 
This virus was amplified in Vero E6 cells and the supernatant 
was collected to produce stocks. This stock virus suspension 
has been stored at -70° C, contained 10 7 7 PFU/mL All work 
with infectious virus was performed in the maximum- 
containment biosafety level— 4 (BSL-4) of the SRC VB 
(vector). 

[0556] Animals 

[0557] ()u tb red guinea pigs (male) 200-220 grams were 
used in the experiments with Marburg virus. 

[0558] Experimental Scheme 

[0559] All animals were divided into groups, each con- 
tained 6 animals. 

[0560] The guinea pigs were infected by the 5 LD 50 of the 
Marburg virus. Animals of the group A were used only for 
the virus control. Animals of the group B after infection 
were treated by the human serum (SERUM 1) with IgG 
against Marburg (titer IgG in ELJSA 1:80), without IgG 
against Ebola and sTNFrl (950 pg/ml), TNFa (7.8 pg/ml), 
IWRA (136 pg/ml), IL-ip, ((3 pg/ml), Animals of the 
group B were given SERUM 1 intracardially from day 3 after 
virus infection until day 14, every day at the following 
doses: 



[0561] 


3 day— 200 /d 


[0562] 


4 day— 200 fA 


[0563] 


5 day — 400 |d 


[0564] 


6 day — 400 /d 


[0565] 


7 day— 600 /d 


[0566] 


8 day— 600 fA 


[0567] 


9 day— 600 /d 


[0568] 


10 day— 800 /d 


[0569] 


11 day— 800 fA 



[0570] 12 day— 800 fA 

[0571] 13 day— 300 fA 

[0572] 14 day— 800 /d 

[0573] Animals of the group C were treated by the human 
serum with IgG against Marburg virus (titer IgG in ELISA 
1:80), without IgG against Ebola, the concentration of 
TNFa-7.8 pg/ml, sTNFri-21 pg/ml, IL-lp-3 pg/ml, IL-IRA- 
24.4 pg/ml Serum 2. 

[0574] Animals of the group C were given Serum 2 
intracardially from day 3 after virus infecting until day 12, 
every day, at the following doses: 

[0575] 3 day— 200 /d 

[0576] 4 day— 200 /d 

[0577] 5day-400/d 

[0578] 6day--tt)0/d 

[0579] 7 day— 600 /d 

[0580] 8 day— 600 /d 

[0581] 9 day— 600 /d 

[0582] 10 day— 800 /d 

[0583] 11 day— 800 /d 

[0584] 12 day— 800 /d 

[0585] Animals of the group D were treated with the 
human serum without antibodies against Marburg virus and 
without antibodies against Ebola virus, and with sTNFrI-880 
pg/mUTNFa-7.2 pg/ml, IL-10-3 pg/ml, IL-1RA-146 pg/ml 
(Serum 3). 

[0586] Animals of group D were given Serum 3 intracar- 
dially from 3 day after virus infecting until 12 day, every 



day, at the following doses: 


[0587] 


3 day— 200 /d 


[0588] 


4 day— 200 /d 


[0589] 


5 day — 400 fA 


[0590] 


6 day — 40 fA 


[0591] 


7 day— 600 fA 


[0592] 


8 day — 600 fA 


[0593] 


9 day— 600 /A 


[0594] 


10 day— 800 fA 


[0595] 


11 day— 800 fA 


[0596] 


12 day— 800 fA 



[0597] Animals of the group E were treated with human 
serum without the antibodies against Marburg and Ebola 
viruses, and the concentrations of TNF a-7.0 pg/ml, sTNFrl- 
20pg/ml, IL-ip-3 pg/ml, IL-1RA-20 pg/ml (SERUM 4). 
Animals of the group E were given Serum 4 intracardially 
from 3 days after virus, injecting every day, until 12 day, at 
the following doses: 

[0598] 3 day— 200^1 

[0599] 4 day— 200 fA 

[0600] 5day-^KK)/d 
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[0601] 


6 day— 400 /d 


[0602] 


7 day— 600 /d 


[0603] 


8 day— 600 /d 


[0604] 


9 day— 600 fi\ 


[0605] 


10 day-*00/d 


[0606] 


11 day-^800/d 


[0607] 


12 day-^800jul 



[0608] On the third day after the challenge by the Marburg 
virus the blood samples taken from all infected guinea pigs 
(groups A, B, C, D, E) were tested by RT-PCR. This RT-PCR 
test was performed for the confirmation of the virus infec- 
tion and showed positive amplification using a cDNA seg- 
ment of Marburg virus with the approximate size about 420 
bp. Detection of the virus by the PCR method in the blood 
samples performed before the challenge (0 day) showed no 
Marburg virus. 

[0609] On day 7 a positive result by RT-PCR test was 
obtained. On the 27th day after the challenge, no Marburg 
virus was detected in the blood samples of the surviving 
animals. 

TABLE 16 



Mortality, average lifetime among the infected by the Marburg virus 
RoiPcapiflB 



Serum Survived/total 



Group 


treatment 


amount 


% of surviv 


al M.T.D. 


A 


control: 


0/6 


0% 


11.49 + 0.64 




only virus 








B 


Serum 1 


4/6 


66% 


1351 + 0.80* 


C 


Serum 2 


0/6 


0% 


1150 + 0.48 


D 


Serum 3 


1/6 


16% 


11.73 + 0.53 


E 


Serum 4 


0/6 


0% 


11.62+0.48 



•statistically gignifiranr (P(p.01) 



[0610] Results 

[0611] All guinea pigs in groups A, C and E died, and the 
average lifetime was not statistically different from the 
control group A. In the animals of the group B treated by 
with SERUM 1, which contains antibodies against Marburg 
virus and soluble receptors sTNFR and IL-IRA, a tendency 
of increasing survival of animals was observed and the 
prolongation of lifetime was statistically significant. Human 
soluble receptors (sTNFRl and IL-IRA) were detected in the 
blood samples of the treated guinea pigs on day (0) before 
infecting (as a control) and on day 7 after infecting with the 
Marburg virus, and on the 27th day among the survived 
guinea pigs. The detection was performed using ELISA-kits 
of R&D Production. The human soluble receptors sTNFRl 
and IL-IRA were detected in the blood of the animals. 
Without being bound by any theory, it appears that these 
receptors were used for the neutralization of the inflamma- 
tory cytokines produced during the development of the 
Marburg fever in the animals. The serum of the surviving 
guinea pigs after Marburg infection was used for the detec- 
tion of the specific IgG by EUSA and Western blot (groups 
of guinea pigs A, B, C) on days (0), 27 and 35. On day ((0)) 
no specific IgG was detected. But on day 27 and 35 the 



specific antibodies against Marburg virus were found at a 
titer of 1:80. At the same time no antibodies against Ebola 
virus were detected. 

[0612] It appears from the combination of the low titer of 
the antibodies against the Marburg virus with sufficient 
concentrations of the soluble receptors of the inflammatory 
cytokines can influence the development and outcome of the 
experimental Marburg fever. 

EXAMPLE 7 

Treatment of E. Coli Infection 
[0613] Bacterial Strain 

[0614] Enterohemorrhagic Escherichia coli (EHEC), 0 
157:H7 strain, serotype 105282 was used these experiments. 
The organisms were incubated in LB medium for 24 h ar 37 
C. After one passage viable counts were determined by 
plating on the agar media. Titer of E. coli was 10 8 PFU. E. 
coli suspension was prepared by washing the bacterial pellet 
twice in the phosphate-buffered saline (PBS; pH 7.4). 

[0615] Dosage and Method of Infecting 

[0616] The bacterial suspension (10 7 PFU) in the volume 
of 30 fd was infused to the mice intragastrically through the 
soft polyethylene catheter. 

[0617] Mice. 4-week-old male BALB/c mice (halpotype 
H-2d) were used in the experiments. The blood volume per 
mouse was approximately 1.2 ml. All animals were divided 
into the following groups. 

[0618] Groups A. Control groups. All animals were 
infected by E. coli suspension. 

[0619] Group A-l, 10 mice, control for mortality. Group 
A2, 20 mice, was used to obtain blood samples on day "0" 
and day 1, 2, 3, 5 post-infection. Blood samples were 
obtained from the orbital sinuses (on every time point 3 mice 
were used for harvesting blood). All blood samples (500 /d 
each) were frozen -70 C. After the whole experiment had 
finished, the concentrations of TNF, IL-1 were measured. 

[0620] Groups B. Treatment groups (Bl and B2). 

[0621] Treatment was carried out with the Human serum 
containing EL-RA and sTNFrl. The Human serum was 
obtained from the blood of human taking orally Vibromy- 
cine in dose of 150 mg twice per day (every 12 hours). The 
Human blood was taken on the second day and the third day 
after the beginning of taking antibiotic. The concentration in 
the Human serum of IL-IRA was 184 pg/ml, and the 
concentration of sTNFrl was 950 pg/ml. The treatment was 
started from the second day after bacterial infecting of the 
mice and continued until 9 day, twice per day, intraperito- 
neally, in the volume of 200 /d per dose. The dose of the 
transfusing Human serum presented 16% of the blood 
volume of a mouse. 

[0622] Group Bl, 10 mice, control for mortality. 

[0623] Group B2, 26 mice, was used from obtaining blood 
samples on day "0" and day 1, 2, 3, 5, 12, 21 post infection. 
Blood samples were obtained from the orbital sinuses (on 
every time point 3 mice were used for harvesting blood). All 
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blood samples (500 fA each) were frozen -70° C. After the 
whole experiment had finished, the concentrations of TNF, 
IL-1 were measured. 

[0624] Groups C. Control for Treatment groups. 

[0625] Treatment was carried out with the ((Normal)) 
Human serum. The concentration in the ((Normal)) Human 
serum of IL-1RA was 24.4 pg/ml, and the concentration of 
sTNFrl was 22 pg/ml. The concentration of IL-1 p pg/ml, the 
concentration of TNFa-7.6 pg/ml. The treatment was started 
from the second day after bacterial infecting of the mice and 
continued until 7 day, twice per day, intraperitonealy, in the 
volume of 200 [A per dose. The does of the transfusing 
Normal Human serum presented 16% of the blood volume 
of a mouse. All animals died on day 7 after bacterial 
infection. 

[0626] Group CI, 10 mice, control mortality. 

[0627] Group C2, 26 mice, was used to obtain blood 
samples on day "0" and day 1, 2, 3, 5, 6 post infection. 
Samples were obtaining from the orbital sinuses (on every 
time point 3 mice were used for harvesting blood). All blood 
samples (500 (A each) were frozen -70 C. After the whole 
experiment had finished, the concentrations of TFNa, IL-ip 
were measured. 

[0628] Results 

[0629] The results of the experiments show that infecting 
the mice with a pathogenic strain of E. coli leads to the death 
of all mice. The clinical manifestations of the experimental 
disease caused by this strain of E. coli have many common 
features with the experimental fevers in anim als such as 
Dengue, Lassa, and Machupo. The presence of sepsis in the 
infected animals was confirmed by demonstrating E. coli in 
the blood of the animals on the 6 th day after infecting while 
it was not present before infecting. All infected mice showed 
intensified production of TNFa and IL-1 p. Infusion of 
normal nonstimulated human serum had no effect on the 
levels of inflammatory cytokines nor did it prolong the 
lifetime of the animals, or the number of survivors. Treat- 
ment with vibromycine stimulated human serum that con- 
tained resulting higher concentrations of sTNFrl and 
IHRA provides a statistically significant prolongation of 
lifetime of the infected mice, the survival of 4 of 10 mice and 
a decrease in production of the cytokines as sTNFrl and 
IHRA. 

TABLE 17 



The effects of the treatment of the exp 


erimcntal bacterial shock 


Group Scheme of treatment 


Survived/died rnXd. 


A E. coti control 


0/10 


5.84 * 0.19 


B Human serum with sTNF and 


4/6 


7.14 ± 0.49* 


11 -IRA, stimulated. 






C Human scrum (normal) 


0/10 


636 * 0.29 



*thc difference from group A is statistically significant (P(0.05) 



[0630] 

TABLE 18 



Dynamics of the changes of concentrations of TNF-a and fl^lp in 
the scrum of animals with experimental bacterial shock. 







IL-1 


TNF 


Group 


Days 


pg/ml 


pg/ml 


A2 


0 


7.8 


5.4 




1 


15.0 


8.0 




2 


23.0 


10.0 




3 


40.0 


16.0 




5 


190.0 


362.0 


B2 


0 


7.2 


5.6 




1 


17.0 


9.0 




2 


24.0 


11.0 




3 


33.0 


14.0 




5 


86.0 


136.0 




12 


11.0 


10.6 




21 


6.2 


5.0 


C2 


0 


7.2 


5.4 




1 


15.0 


8.0 




2 


24.0 


11.0 




3 


40.0 


17.0 




5 


172.0 


316.0 




6 


236.0 


488.0 



EXAMPLE 8 

In Nitro Activation of Mononuclear Human Cells 
by Antibiotics 

[0631] 1. Cells 

[0632] Mononuclear cells were obtained from human 
blood, which had been collected in tubes with Heparin (5 ED 
heparin/ml) and centrifuged on Hustopaqe (p=1.077), lOOOx 
g, 30 minutes. Mononuclear cells were washed twice with 
RPMI-1640 medium (pH 7.2). The concentration of the cells 
was SxKf/ml. 

[0633] 2. Activation of Cells 

[0634] One portion of the cells was used as control, 
without any activation (in a volume 2 ml). A second portion 
was used for the tetracycline activation at a concentration of 
0.06 mg/ml (in a volume of 2 ml). The third portion was used 
for the terramycine activation at a concentration of 0.06 
mg/ml (in a volume of 2 ml). The activation continued for 
2 hours, and the cells then were washed twice with the 
medium RPMI-1640 (pH 7.2). A monolayer was formed 
(2xl0 6 /ml) and the cells were cultured at 37° C, 95% 
humidity, atmosphere of 5% of C0 2 . Samples of activated 
mononuclear cells were taken on the third, 6th and 24th 
hours after the beginning of the contact. The concentrations 
of sTNFrl and IL-1RA were measured using standard 
EUSA-lrits by R&D Systems. 

[0635] The results of the experiment showed that the 
production of the receptors such as sTNFrl and IL-lRAare 
induced in vitro using Tetracycline and Terramycine. The 
production of the receptors by the activated cells was 
statistically significantly higher than the production by the 
non-stimulated cells. The concentrations of the receptors 
obtained in vitro are comparable to the concentrations 
obtained in vivo and even higher. For example, after vibro- 
mycine stimulation, the concentration of receptors in the 
donor serum (2 persons, on the 24th hour) were IL-1RA 
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126.8*6.8 pg/ml, sTNFrl 970±28.6 pg/ml (before the stimu- 
lation: IL-1RA 20*2.2 pg/ml and sTNFrl 22£3.4 pg/ml). 
After the tetracycline stimulation the concentrations of the 
same receptors in the donor serum (2person, at the 24th 
hour) was 130±6.8 pg/ml and 580±18.2 pg/ml. 



TABLE 20 

Dynamics of the concentrations of [L-1RA and sTNFrl 







[LIRA 


sTNFrl 


Cells 


Hours 


pg/ml 


pg/ml 


only Cells 


0 


27 + 1.4 


18 + 1.6 


3 


40 + 3.2 


68 + 4.8 




6 


58 + 4.6 


44 +3.2 




24 


44 + 3.4 


22 + 2.1 


Cells + Tbnamycine 


0 


28 + 1.6 


18 + 1.4 




3 


93 + 6.2 


313 + 10.4 




6 


220 + 9.4 


224 + 9.2 




24 


185 + 8.6 


264 + 9.6 


Cells + Tetracycline 


0 


22 + 1.4 


19 + 1.2 




3 


86 + 4.6 


185 + 8.4 




6 


186 + 8.2 


204 + 9.2 




24 


140 + 7.6 


201 +8.6 



EXAMPLE 9 

Treatment of Septic Shock with Plasma from 
Tetracycline-injected Mice 

[0636] 1. Preparation of Plasma from Tetracycline-in- 
jected Mice 

[0637] Sixty 7-8 week old Balb/c mice (H 2 ^ 4 haplotype) 
were injected intramuscularly with tetracycline (58 mg/kilo 
in 0.1 ml of sterile PBS). Plasma (citrated)was collected 
from these mice at 24 hour postinjection. One 0.2 ml sample 
of the plasma from these mouse was tested for the presence 
of IL-1R and TNFa-RI&II. the reminder of the plasma from 
each mouse was pooled. After removing a small sample 
from this pool for testing for the above mentioned cytokines, 
the reminder of the plasma pool was stored at -85° C. until 
needed. 

[0638] Thirty 7-8 week old female Balb/c mice (H 2 ^) 
were injected with 0.1 ml of sterile PBS and their plasma 
was drawn at 24 hour postinjection. A sample of plasma 
from each mouse was tested for IL-1R and TNFa-RI&II. 
The remainder of the plasma from this group of mice was 
pooled. A sample of the pooled plasma was tested for the 
cytokines as described above. 

[0639] 2. Treatment of the Mice with Septic Shock 

[0640] Fifty 6-8 week old female Balb/c mice (Haplotype 
as above) received concurrent intraperitoneal injections of 
25 fig of Staphylococcus enterotoxin B (SEB) and 20 mg of 
galactosamine for the induction of Septic Shock. The mice 
were divided into the following treatment groups: 

[0641] 1) ten mice remained untreated and served as 
negative controls; 

[0642] 2) ten mice received an intramuscular injec- 
tion of tetracycline (58 mg/kilo) on the day of 
induction, and on days 1, 2, 3 and 4 postinduction. 
These mice also received twice daily injections of 
03 ml of plasma from mice treated with tetracycline 
on the day of induction and on days 1, 2, 3 and 4 
postinduction; 



[0643] 3) ten mice received 03 ml of plasma from 
tetracycline-injected mice twice daily on the day of 
induction and on days 1, 2, 3 and 4 postinduction; 

[0644] 4) ten mice received intramuscular injection 
of tetracycline and 03 ml of plasma from tetracy- 
cline-injected mice once daily on the day of induc- 
tion and on days 1, 2, 3 and 4 postinduction; and 

[0645] 5) ten mice received 03 ml of plasma from 
PBS-injected mice twice daily on the day of induc- 
tion and on days 1, 2, 3 and 4 postinduction. 

[0646] Ten mice were not induced for septic shock and 
served as normal controls. 

[0647] Mortality among all groups of animals, was 
recorded four times daily for 4 days (96 hours) postinduc- 
tion. 

[0648] All mice without the induced septic shock survived 
96 hours postinduction. None of the mice with the septic 
shock treated with control plasma, i.e., plasma prepared 
from PBS-infected mice, survived 36 hours postinduction. 
About 20% of the mice with septic shock that were treated 
with either tetracycline or tetracycline-stimulated plasma 
alone survived 96 hours postinduction. About 40% of the 
mice with septic shock that were treated with tetracycline 
and tetracycline-stimulated plasma survived 96 hours 
postinduction. Therefore, combination therapy of tetracy- 
cline and tetracycline-stimulated plasma boosts the survival 
rate of the mice with the SEB- induced septic shock. 

EXAMPLE 10 

Effects of Plasma from Tetracycline-injected on the 
Outcome of Septic Shock in Mice and Protocols 
for Testing of Treatment Hemorrhagic Fevers in a 
Rodent Model 

[0649] Individuals infected with gram negative bacteria 
such as Escherichia coli and Salmonella typhi develop a 
characteristic syndrome that includes acidosis, fever, 
hypotension, lactate release into the tissues, disseminated 
intravascular coagulation (DIC) and renal, hepatic and lung 
injury. These infections and the resulting syndrome can 
induce a lethal condition called septic shock (SS). Numerous 
studies have established that this pathologic picture is attrib- 
utable almost entirely to secretion of TNFa by endotoxin- 
stimulated macrophages. 

[0650] Mouse DIC and SS Models 

[0651] Balb/c mice sensitized by administration of D-ga- 
lactosamine and injected intraperitoneally with Staphylo- 
coccus enterotoxin B (SEB) are a well-established model for 
human septic shock with accompanying disseminated intra- 
vascular coagulation. This process is driven by the release of 
TNFa and HL-1 by antigen-stimulated macrophages. In this 
mouse model, death usually occurs within 24 hr or antigen 
challenge. 

[0652] Phase I 

[0653] 1. Sixty, 7-8 week old female Balb/c mice 
(H haplotype) are injected intramuscularly with 
tetracycline (58 mg/kilo in 0.1 ml of sterile PBS). 

[0654] 2. Plasma (citrated) is collected from these 
mice at 24 hr postinjection. One 0.2 ml sample of 
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plasma from each mouse is set aside for testing for 
the presence of IHR and TNFa-RI&II, the 
reminder of the plasma from each mouse is pooled. 
After removing a small sample from this pool for 
testing for the cytokines of interest, such as IL-1 an 
TNFa, the reminder of the plasma pool is be stored 
at -85° C. until needed. 

[0655] 3. Thirty, 7^8 week old female Balb/c mice 
(H 2 ^) are injected with 0.1 ml of sterile PBS and 
their plasma drawn at 24 hr postinjection. A sample 
of plasma from each mouse will be tested for IL-1R 
and TNFa-RI&II and the remainder of the plasma 
from this group of mice will be pooled. A sample of 
the pooled plasma will be tested for cytokines as 
above. 

[0656] Phase II 

[0657] 1. Fifty, 6-8 week old female Balb/c mice 
(Haplotype as above) receive concurrent ip injec- 
tions of 25 fj% of SEB and 20 mg of galactosamine. 

[0658] 10 mice remain untreated and serve as 
negative controls 

[0659] 10 mice receive an im injection of tetracy- 
cline (58 mg/kilo) on the day of induction, and on 
days 1, 2, 3 and 4 postinduction. These mice also 
receive twice daily injections of 03 ml of plasma 
from mice treated with tetracycline on the day of 
induction and on days 1, 2, 3 and 4 postinduction. 

[0660] 10 mice receive 03 ml of plasma from 
tetracycline-injected mice twice daily on the day 
of induction and on days 1, 2, 3 and 4 postinduc- 
tion. 

[0661] 10 mice receive im injection of tetracycline 
and 03 ml of serum from tetracycline injected 
mice once daily on the day of induction and on 
days 1, 2, 3 and 4 postinduction. 

[0662] 10 mice receive 03 ml of serum from 
PBS- injected mice twice daily on the day of 
induction and on days 1, 2, 3 and 4 postinduction. 

[0663] 2. Ten mice as described above are not treated 
for induction of Septic Shock and will serve as 
normal controls. 

[0664] 3. Mortality among all groups of animals is 
recorded four times daily. 

[0665] Design of Experiment 

[0666] Investigation of Treatment of Yellow Fever Infec- 
tion 

[0667] 1 . Virus— Yellow fever— strain "Dakkar", the 
stock virus suspension after passage sulking mice. 

[0668] 2. Animals— BALB/c, male, 4 weeks age, 140 
animals. 

[0669] Steps 

[0670] 1. Preparation of serum from mice after by 
injections of Doxycycline, (70 mice for group) 

[0671] 2. For mice infection used 5 LD^ of YFV. 



[0672] group A— control for YFV without treat- 
ment — 10 mice. 

[0673] group B— treatment of YFV by Doxycy- 
cline from the third day after infection, every day. 

[0674] group C— treatment of YFV by Doxycy- 
cline from the third day after infection every 12 h. 

[0675] group D — treatment of YFV by serum 
(with IL-1RA and sTNF) from the third day after 
infection, every day. 

[0676] group E — treatment of YFV by serum (with 
IL-1RA and sTNF) from the third day after infec- 
tion every 12 h. 

[0677] group F — control virus: for detection 
soluble receptors (sTNF, IL-1RA) and cytokines 
(TNF and IL-1) in blood after infection (days 1, 2, 
3, 4, 5, 6)— 20 mice. 

[0678] Investigation of Treatment of Lassa Fever Infection 

[0679] 1. Virus — Lassa fever— strain "Josiah", the stock 
virus suspension after passage suckling mice. 

[0680] 2. Animals— CBA/calac, male, 4 weeks age, 140 
animals. 

[0681] Steps 

[0682] 1. Preparation of serum from mice after by 
injections of Doxycycline. (80 mice for group) 

[0683] 2. For mice infection used 10 LD 50 of LFV. 

[0684] group A— control for LFV without treat- 
ment — 20 mice. 

[0685] group B — treatment of LFV by serum (with 
IL-1RA and sTNF) from the third day after infec- 
tion, every day (20 mice). 

[0686] group D — treatment of LFV by serum (with 
IL-1RA and sTNF) from the third day after infec- 
tion every 12 h (20 mice). 

EXAMPLE 11 

Assays for TNF and IL-1 Receptors 

[0687] Assays for IL-1 Receptors 

[0688] Numerous bioassays used to detect and quantitate 
IL-IRa are known. An assay used herein to determine 
IL-IRa in blood and blood-derived fractions that have been 
treated with tetracycline or tetracycline-like compounds is 
the Quantikine IL-lra mmunoassay, which is solid phase 
ELISA designed to measure IL-IRa in cell culture super- 
nate, serum, and plasma. It contains E. co/i-derived recom- 
binant human IL-IRa as well as antibodies raised against the 
recombinant factor. This immunoassay has been shown to 
accurately quantitate the recombinant human IL-lra. Results 
obtained during natural human IL-lra showed linear curves 
that were parallel to the standard curves obtained using the 
Is.co/i-expressed Quantikine kit standards. These results 
indicate that the Quantikine Immunoassay kit can be used to 
determine relative mass values for natural human IL-lra. 
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[0689] Principle of the Assay 

[0690] This assay employs the quantitative sandwich 
enzyme immunoassay technique. A monoclonal antibody 
specific for IL-IRa has been pre -coated onto a microplate. 
Standards and samples are pipetted into the wells and any 
IL-IRa present is bound by the immobilized antibody. After 
washing away any unbound substances, an enzyme-linked 
polyclonal antibody specific for IL-IRa is added to the 
wells. Following a wash to remove any unbound antibody- 
enzyme reagent, a substrate solution is added to the wells 
and color develops in proportion to the amount of IL-IRa 
bound in the initial step. The color development is stopped 
and the intensity of the color is measured. 

[0691] Assays for TNFs 

[0692] Bioassays for sTNFR If typically involves mea- 
surement of the inhibitory effect of the soluble receptor on 
the cytotoxic activity TNF-a on a susceptible cell line. The 
Quantikine human sTNF RI Immunoassay is a solid phase 
ELISA designed to measure sTNF RI in cell culture super- 
nate, serum, plasma and urine. It contains E. co//-expressed, 
recombinant human sTNF RI, as well as antibodies raised 
against this polypeptide. The recombinant protein represents 
the non-glycosylated, N-terminal methionyl form of the 
naturally occurring human soluble Type I receptor for TNF 
with an apparent molecular weight of approximately 18.6 
kDa. This immunoassay has been shown to accurately 
quantitate the recombinant sTNF RI. Results obtained on 
samples containing natural sTNF RI showed linear curves 
that were parallel to the standard curves obtained using the 
Quantikine kit standards. These results indicate that Quan- 
tikine Immunoassay kit can be used to determine relative 
mass values of natural sTNF RI. Since the measurement of 
human sTNF RI by this immunoassay is relatively insensi- 
tive to added TNF-a or TNF-62 , it is probable that this 
measurement corresponds to the total amount of the soluble 
receptor present in samples, i.e., the total amount of free 
receptor phis the total amount of receptor bound to TNF. 

[0693] Principle of the Assay 

[0694] This assay employs the quantitative sandwich 
enzyme immunoassay technique. A monoclonal antibody 



specific for sTNF RI has been pre -coated onto a microplate. 
Standards and samples are pipetted into the wells an any 
sTNF RI present is bound by the immobilized antibody. 
After washing away any unbound substances, an enzyme- 
linked polyclonal antibody specific for sTNF RI is added to 
the wells. Following a wash to remove any unbound anti- 
body-enzyme reagent, a substrate solution is added to the 
wells and color develops in proportion to the amount of 
sTNF RI bound in the initial step. The color development is 
stopped and the intensity of the color is measured. 

TABLE 21 



Exemplary levels of Hrl, TNF, IHRA and sTNF RI in samples 
from normal volunteers 



TNF 



Sample 


nvi 


pg/ml 


IL-IRA 


sTNFRI 


1. subject 1 serum 10/22 


3 pg/ml 


7.8 


241.6 




2. subject 1 serum 12/06 


<3 pg/mL 


7.8 


136.0 


950 


3. subject 1 scrum 12/07 


<3 pg/mL 


7.8 


100.8 


970 


4. subject 1 serum 12/08 


<3 pg/mL 


7.8 


184.8 


875 


5. subject 1 plasma 12/01 


<3 pg/mL 


7.8 


140.8 


575 


6. subject 1 plasma 12/03 


<3 pg/mL 


7.8 


82.4 


825 


7. subject 1 plasma 12/07 


<3 pg/mL 


7.8 


140.8 


600 


8. subject 2 serum 12/06 


3 pg/mL 


8.6 


140.8 


1650 


9. subject 2 serum 12/07 


3.9 pg/mL 


8.6 


164.0 


1650 


10. subject 2 serum 12/08 


<3 pg/mL 


8.8 


160.0 


1750 


11. Human IgO 


3 pg/mL 


7.8 


24.4 


21.0 


12. Swiss 


3.9 pg/mL 


7.8 


31.2 


31.2 


13. Human-Indonesia 


3 pg/mL 


8.8 


568 


2200 



[0695] Since modifications will be apparent to those of 
skill in mis art, it is intended that this invention be limited 
only by the scope of the appended claims. 



SEQUENCE LISTING 



<160> NUMBER OF SEQ ID NOS: 26 

<210> SEQ ID NO 1 

<211> LENGTH: 271 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: Recombinant Inter leuXin 1 -alpha 
<300> PUBLICATION INFORMATION: 

<308> DATABASE ACCESSION NUMBER: AAA5 9134 /GenBanX 
<309> DATABASE ENTRY DATE: 1995-01-06 

<400> SEQUENCE: 1 

Met Ala Lys Val Pro Asp Met Phe Glu Asp Leu Lye Asn Cys Tyr Ser 
15 10 15 

Glu Asn Glu Glu Asp Ser Ser Ser lie Asp His Leu Ser Leu Asn Gin 
20 25 30 
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Lys Ser Pbe Tyr His Val Ser Tyr Gly Pro Leu His Glu Gly Cys Met 
35 40 45 

Asp Gin Ser Val Ser Leu Ser lie Ser Glu Thr Ser Lys Thr Ser Lys 
50 55 60 

Leu Thr Phe Lys Glu Ser Met Val Val Val Ala Thr Asn Gly Lys Val 
65 70 75 80 

Leu Lys Lys Arg Arg Leu Ser Leu Ser Gin Ser lie Thr Asp Asp Asp 
85 90 95 

Leu Glu Ala lie Ala Asn Asp Ser Glu Glu Glu lie lie Lys Pro Arg 
100 105 110 

Ser Ala Pro Phe Ser Phe Leu Ser Asn Val Lys Tyr Asn Phe Met Arg 
115 120 125 

lie lie Lys Tyr Glu Phe lie Leu Asn Asp Ala Leu Asn Gin Ser lie 
130 135 140 

lie Arg Ala Asn Asp Gin Tyr Leu Thr Ala Ala Ala Leu His Asn Leu 
145 150 155 160 

Asp Glu Ala Val Lys Phe Asp Met Gly Ala Tyr Lys Ser Ser Lys Asp 
165 170 175 

Asp Ala Lys lie Thr Val lie Leu Arg lie Ser Lys Thr Gin Leu Tyr 
180 185 190 

Val Thr Ala Gin Asp Glu Asp Gin Pro Val Leu Leu Lys Glu Met Pro 
195 200 205 

Glu lie Pro Lys Thr lie Thr Gly Ser Glu Thr Asn Leu Leu Phe Phe 
210 215 220 

Trp Glu Thr His Gly Thr Lys Asn Tyr Phe Thr Ser Val Ala His Pro 
225 230 235 240 

Asn Leu Phe lie Ala Thr Lys Gin Asp Tyr Trp Val Cys Leu Ala Gly 
245 250 255 

Gly Pro Pro Ser lie Thr Asp Phe Gin lie Leu Glu Asn Gin Ala 
260 265 270 



<210> SEQ ID NO 2 

<211> LENGTH: 269 

<212> TYPBs PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: Inter leukin-1 beta (catabolin) 
<300> PUBLICATION INFORMATION: 

<308> DATABASE ACCESSION NUMBER: P01584/Genbank 
<309> DATABASE ENTRY DATE: 2001-08-20 

<400> SEQUENCE: 2 

Met Ala Glu Val Pro Lys Leu Ala Ser Glu Met Met Ala Tyr Tyr Ser 
1 5 10 ~ 15 

Gly Asn Glu Asp Asp Leu Phe Phe Glu Ala Asp Gly Pro Lys Gin Met 
20 25 30 

Lys Cys Ser Phe Gin Asp Leu Asp Leu Cys Pro Leu Asp Gly Gly lie 
35 40 45 

Gin Leu Arg lie Ser Asp His His Tyr Ser Lys Gly Phe Arg Gin Ala 
50 55 60 

Ala Ser Val Val Val Ala Met Asp Lys Leu Arg Lys Met Leu Val Pro 
65 70 75 80 



Cys Pro Gin Thr Phe Gin Glu Asn Asp Leu Ser Thr Phe Phe Pro Phe 
85 90 95 
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He Phe Glu Glu Glu Pro He Phe Phe Asp Thr Tip Asp Asn Glu Ala 
100 105 110 

Tyr Val His Asp Ala Pro Val Arg Ser Leu Asn Cys Thr Leu Arg Asp 
115 120 125 

Ser Gin Gin Lys Ser Leu Val Met Ser Gly Pro Tyr Glu Leu Lys Ala 
130 135 140 

Leu His Leu Gin Gly Gin Asp Met Glu Gin Gin Val Val Phe Ser Met 
145 150 155 160 

Ser Phe Val Gin Gly Glu Glu Ser Asn Asp Lys He Pro Val Ala Leu 
165 170 175 

Gly Leu Lys Glu Lys Asn Leu Tyr Leu Ser Cys Val Leu Lys Asp Asp 
180 185 190 

Lys Pro Thr Leu Gin Leu Glu Ser Val Asp Pro Lys Asn Tyr Pro Lys 
195 200 205 

Lys Lys Met Glu Lys Arg Phe Val Phe Asn Lys He Glu He Asn Asn 
210 215 220 

Lys Leu Glu Phe Glu Ser Ala Gin Phe Pro Asn Trp Tyr He Ser Thr 
225 230 235 240 

Ser Gin Ala Glu Asn Met Pro Val Phe Leu Gly Gly Thr Lys Gly Gly 
245 250 255 

Gin Asp He Thr Asp Phe Thr Met Gin Phe Val Ser Ser 



<210> SEQ ID NO 3 

<211> LENGTH: 569 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION : Inter leukin-1 receptor, Type I precursor 
<300> PUBLICATION INFORMATION : 

<308> DATABASE ACCESSION NUMBER: P14778/GenBank 
<309> DATABASE ENTRY DATE: 2001-08-20 

<400> SEQUENCE: 3 

Met Lys Val Leu Leu Arg Leu He Cys Phe He Ala Leu Leu He Ser 
15 10 15 

Ser Leu Glu Ala Asp Lys Cys Lys Glu Arg Glu Glu Lys He He Leu 
20 25 30 

Val Ser Ser Ala Asn Glu He Asp Val Arg Pro Cys Pro Leu Asn Pro 
35 40 45 

Asn Glu His Lys Gly Thr He Thr Trp Tyr Lys Asp Asp Ser Lys Thr 
50 55 60 

Pro Val Ser Thr Glu Gin Ala Ser Arg He His Gin His Lys Glu Lys 
65 70 75 80 

Leu Trp Phe Val Pro Ala Lys Val Glu Asp Ser Gly His Tyr Tyr Cys 
85 90 95 

Val Val Arg Asn Ser Ser Tyr Cys Leu Arg He Lys He Ser Ala Lys 
100 105 110 

Phe Val Glu Asn Glu Pro Asn Leu Cys Tyr Asn Ala Gin Ala He Phe 
115 120 125 

Lys Gin Lys Leu Pro Val Ala Gly Asp Gly Gly Leu Val Cys Pro Tyr 
130 135 140 

Met Glu Phe Phe Lys Asn Glu Asn Asn Glu Leu Pro Lys Leu Gin Trp 
145 150 155 160 



260 



265 
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Tyr Lys Asp Cys Lys Pro Leu Leu Leu Asp Asn lie His Phe Ser Gly 
165 170 175 

Val Lys Asp Arg Leu lie Val Met Asn Val Ala Glu Lys His Arg Gly 
180 185 190 

Asn Tyr Thr Cys His Ala Ser Tyr Thr Tyr Leu Gly Lys Gin Tyr Pro 
195 200 205 

He Thr Arg Val He Glu Phe He Thr Leu Glu Glu Asn Lys Pro Thr 
210 215 220 

Arg Pro Val He Val Ser Pro Ala Asn Glu Thr Met Glu Val Asp Leu 
225 230 235 240 

Gly Ser Gin He Gin Leu He Cya Asn Val Thr Gly Gin Leu Ser Asp 
245 250 255 

He Ala Tyr Trp Lys Trp Asn Gly Ser Val He Asp Glu Asp Asp Pro 
260 265 270 

Val Leu Gly Glu Asp Tyr Tyr Ser Val Glu Asn Pro Ala Asn . Lys Arg 
275 280 285 

Arg Ser Thr Leu He Thr Val Leu Asn He Ser Glu He Glu Ser Arg 
290 295 300 

Phe Tyr Lys His Pro Phe Thr Cys Phe Ala Lys Asn Thr His Gly He 
305 310 315 320 

Asp Ala Ala Tyr He Gin Leu He Tyr Pro Val Thr Asn Phe Gin Lys 

325 330 335 

His Met He Gly He Cys Val Thr Leu Thr Val He He Val Cys Ser 
340 345 350 

Val Phe He Tyr Lys He Phe Lys He Asp He Val Leu Trp Tyr Arg 
355 " 360 365 

Asp Ser Cys Tyr Asp Phe Leu Pro He. Lys Ala Ser Asp Gly Lys Thr 
370 375 380 

Tyr Asp Ala Tyr He Leu Tyr Pro Lys Thr Val Gly Glu Gly Ser Thr 
385 390 395 400 

Ser Asp Cys Asp He Phe Val Phe Lys Val Leu Pro Glu Val Leu Glu 
405 410 415 

Lys Gin Cys Gly Tyr Lys Leu Phe He Tyr Gly Arg Asp Asp Tyr Val 
420 425 430 

Gly Glu Asp He Val Glu Val He Asn Glu Asn Val Lys Lys Ser Arg 
435 440 445 

Arg Leu He He He Leu Val Arg Glu Thr Ser Gly Phe Ser Trp Leu 
450 455 460 

Gly Gly Ser Ser Glu Glu Gin He Ala Met Tyr Asn Ala Leu Val Gin 
465 470 475 480 

Asp Gly He Lys Val Val Leu Leu Glu Leu Glu Lys He Gin Asp Tyr 
485 490 495 

Glu Lys Met Pro Glu Ser He Lys Phe He Lys Gin Lys His Gly Ala 
500 505 510 

He Arg Trp Ser Gly Asp Phe Thr Gin Gly Pro Gin Ser Ala Lys Thr 
515 520 525 

Arg Phe Trp Lys Asn Val Arg Tyr His Met Pro Val Gin Arg Arg Ser 
530 " 535 " 540 



Pro Ser Ser Lys His Gin Leu Leu Ser Pro Ala Thr Lys Glu Lys Leu 
545 550 555 560 
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Gin Arg Glu Ala Hie Val Pro Leu Gly 
565 



<210> SEQ ID HO 4 

<211> LENGTH: 398 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> PEATURE: 

<223> OTHER INFORMATION: Inter leukin-1 receptor, Type II precursor 
<300> PUBLICATION INFORMATION: 

<308> DATABASE ACCESSION NUMBER: P27930/GenBank 
<309> DATABASE ENTRY DATE: 2001-08-20 

<400> SEQUENCE: 4 

Met Leu Arg Leu Tyr Val Leu Val Met Gly Val Ser Ala Phe Thr Leu 
15 10 15 

Gin Pro Ala Ala His Thr Gly Ala Ala Arg Ser Cys Arg Phe Arg Gly 
20 25 30 

Arg His Tyr Lys Arg Glu Phe Arg Leu Glu Gly Glu Pro Val Ala Leu 
35 40 45 

Arg Cys Pro Gin Val Pro Tyr Trp Leu Trp Ala Ser Val Ser Pro Arg 
50 55 60 

lie Asn Leu Thr Trp His Lys Asn Asp Ser Ala Arg Thr Val Pro Gly 
65 70 75 80 

Glu Glu Glu Thr Arg Met Trp Ala Gin Asp Gly Ala Leu Trp Leu Leu 
85 90 95 

Pro Ala Leu Gin Glu Asp Ser Gly Thr Tyr Val Cys Thr Thr Arg Asn 
100 105 110 

Ala Ser Tyr Cys Asp Lys Met Ser lie Glu Leu Arg Val Phe Glu Asn 
115 120 125 

Thr Asp Ala Phe Leu Pro Phe lie Ser Tyr Pro Gin lie Leu Thr Leu 
130 135 140 

Ser Thr Ser Gly Val Leu Val Cys Pro Asp Leu Ser Glu Phe Thr Arg 
145 150 155 160 

Asp Lys Thr Asp Val Lys lie Gin Trp Tyr Lys Asp Ser Leu Leu Leu 
165 170 175 

Asp Lys Asp Asn Glu Lys Phe Leu Ser Val Arg Gly Thr Thr His Leu 
180 185 190 

Leu Val His Asp Val Ala Leu Glu Asp Ala Gly Tyr Tyr Arg Cys Val 
195 200 205 

Leu Thr Phe Ala His Glu Gly Gin Gin Tyr Asn lie Thr Arg Ser lie 
210 215 220 

Glu Leu Arg lie Lys Lys Lys Lys Glu Glu Thr lie Pro Val lie He 
225 230 235 240 

Ser Pro Leu Lys Thr He Ser Ala Ser Leu Gly Ser Arg Leu Thr He 
245 250 255 

Pro Cys Lys Val Phe Leu Gly Thr Gly Thr Pro Leu Thr Thr Met Leu 
260 265 270 

Trp Trp Thr Ala Asn Asp Thr His He Glu Ser Ala Tyr Pro Gly Gly 
275 280 285 

Arg Val Thr Glu Gly Pro Arg Gin Glu Tyr Ser Glu Asn Asn Glu Asn 
290 295 300 



Tyr He Glu Val Pro Leu He Phe Asp Pro Val Thr Arg Glu Asp Leu 
305 310 315 320 
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His Met Asp Phe Lys Cys Val Val His Abu Thr Leu Ser Phe Gin Thr 
325 330 . 335 

Leu Arg Thr Thr Vol Lys Glu Ala Ser Ser Thr Phe Ser Trp Gly lie 
340 345 350 

Val Leu Ala Pro Leu Ser Leu Ala Phe Leu Val Leu Gly Gly lie Trp 
355 360 365 

Met His Arg Arg Cys Lys His Arg Thr Gly Lys Ala Asp Gly Leu Thr 
370 375 380 

Val Leu Trp Pro His His Gin Asp Phe Gin Ser Tyr Pro Lys 
385 390 395 



<210> SEQ ID BO 5 

<211> LENGTH: 177 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: Inter leuXin-1 Receptor Antagonist Protein 

Precursor (IL-1RA; ICIL-1RA; I RAP) 
<300> PUBLICATION INFORMATION: 

<308> DATABASE ACCESSION NUMBER: P18510/GenBank 
<309> DATABASE ENTRY DATE: 2001-08-20 

<400> SEQUENCE: 5 

Met Glu lie Cys Arg Gly Leu Arg Ser His Leu lie Thr Leu Leu Leu 
15 10 15 

Phe Leu Phe His Ser Glu Thr lie Cys Arg Pro Ser Gly Arg Lys Ser 
20 25 30 

Ser Lys Met Gin Ala Phe Arg lie Trp Asp Val Asn Gin Lys Thr Phe 
35 40 45 

Tyr Leu Arg Asn Asn Gin Leu Val Ala Gly Tyr Leu Gin Gly Pro Asn 
50 55 60 

Val Asn Leu Glu Glu Lys lie Asp Val Val Pro lie Glu Pro His Ala 
65 70 75 80 

Leu Phe Leu Gly lie His Gly Gly Lys Met Cys Leu Ser Cys Val Lys 
85 90 95 

Ser Gly Asp Glu Thr Arg Leu Gin Leu Glu Ala Val Asn lie Thr Asp 
100 105 110 

Leu Ser Glu Asn Arg Lys Gin Asp Lys Arg Phe Ala Phe lie Arg Ser 
115 120 125 

Asp Ser Gly Pro Thr Thr Ser Phe Glu Ser Ala Ala Cys Pro Gly Trp 
130 135 140 

Phe Leu Cys Thr Ala Met Glu Ala Asp Gin Pro Val Ser Leu Thr Asn 
145 150 " 155 160 

Met Pro Asp Glu Gly Val Met Val Thr Lys Phe Tyr Phe Gin Glu Asp 
165 170 175 

Glu 



<210> SEQ ID NO 6 

<211> LENGTHS 176 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: XL- 1 receptor intracellular ligand protein 

comprising amino acid sequence 

<300> PUBLICATION INFORMATION: 

<310> PATENT DOCUMENT NUMBER: 5,817,476 

<311> PATENT FILING DATE: 1995-06-07 

<312> PUBLICATION DATE: 1998-10-06 
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<400> SEQUENCE: 6 

lie Pro Arg Val Asp Leu Arg Val Trp Gin Asp Cys Cys Glu Asp Cys 
1 5 10 15 

Arg Thr Arg Gly Gin Phe Asn Ala Phe Ser Tyr His Phe Arg Gly Arg 
20 25 30 

Arg Ser Leu Glu Phe Ser Tyr Gin Glu Asp Lys Pro Thr Lye Lys Thr 
35 40 45 

Arg Pro Arg Lys lie Pro Ser Val Gly Arg Gin Gly Glu His Leu Ser 
50 55 60 

Asn Ser Thr Ser Ala Phe Ser Thr Arg Ser Asp Ala Ser Gly Thr Asn 
65 70 75 80 

Asp Phe Arg Glu Phe Val Leu Glu Met Gin Lys Thr He Thr Asp Leu 
85 90 95 

Arg Thr Gin He Lys Lys Leu Glu Ser Arg Leu Ser Thr Thr Glu Cys 
100 105 110 

Val Asp Ala Gly Gly Glu Ser His Ala Asn Asn Thr Lys Trp Lys Lys 
115 120 125 

Asp Ala Cys Thr He Cys Glu Cys Lys Asp Gly Gin Val Thr Cys Phe 
130 * 135 140 

Val Glu Ala Cys Pro Pro Ala Thr Cys Ala Val Pro Val Asn He Pro 
145 150 155 160 

Gly Ala Cys Cys Pro Val Cys Leu Gin Lys Arg Ala Glu Glu Lys Pro 
165 170 175 



<210> SEQ ID NO 7 

<211> LENGTH: 320 

<212> TYPE : PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: IL-1 receptor intracellular ligand protein 

comprising amino acid sequence 
<300> PUBLICATION INFORMATION: 
<310> PATENT DOCUMENT NUMBER: 5,817,476 
<311> PATENT FILING DATE: 1995-06-07 
<312> PUBLICATION DATE: 1998-10-06 

<400> SEQUENCE: 7 

Lys Lys Gly Gly Lys Thr Glu Gin Asp Gly Tyr Gin Lys Pro Thr Asn 
1 5 ' 10 15 

Lys His Phe Thr Gin Ser Pro Lys Lys Ser Val Ala Asp Leu Leu Gly 
20 25 30 

Ser Phe Glu Gly Lys Arg Arg Leu Leu Leu He Thr Ala Pro Lys Ala 
35 40 45 

Glu Asn Asn Met Tyr Val Gin Gin Arg Asp Glu Tyr Leu Glu Ser Phe 
50 55 60 

Cys Lys Met Ala Thr Arg Lys He Ser Val He Thr He Phe Gly Pro 
65 70 75 80 

Val Asn Asn Ser Thr Met Lys He Asp His Phe Gin Leu Asp Asn Glu 
85 90 95 

Lys Pro Met Arg Val Val Asp Asp Glu Asp Leu Val Asp Gin Arg Leu 
100 105 110 

He Ser Glu Leu Arg Lys Glu Tyr Gly Met Thr Tyr Asn Asp Phe Phe 
115 120 125 

Met Val Leu Thr Asp Val Asp Leu Arg Val Lys Gin Tyr Tyr Glu Val 
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130 135 140 

Pro lie Thr Met Lys Ser Val Phe Asp Leu lie Asp Thr Phe Gin Ser 
145 150 155 160 

Arg lie Lys Asp Met Glu Lys Gin Lys Lys Glu Gly lie Val Cys Lys 
165 ~ 170 175 

Glu Glu Val Gly Gly Val Leu Glu Leu Phe Pro lie Asn Gly Ser Ser 
180 185 190 

Val Val Glu Arg Glu Asp Val Pro Ala His Leu Val Lys Asp lie Arg 
195 200 205 

Asn Tyr Phe Gin Val Ser Pro Glu Tyr Phe Ser Met Leu Leu Val Gly 
210 215 220 

Lys Asp Gly Asn Val Lys Ser Trp Tyr Pro Ser Pro Met Trp Ser Met 
225 230 235 240 

Val He Val Tyr Asp Leu He Asp Ser Met Gin Leu Arg Arg Gin Glu 
245 250 255 

Met Ala He Gin Gin Ser Leu Gly Met Arg Cys Gin Lys Met Ser Met 
260 265 270 

Gin Ala Met Val Thr He Val Thr Thr Lys Asp Thr Arg Met Val Thr 
275 280 285 

Arg Met Thr Thr Val He Met Arg Val He Thr Met Asp Thr Leu Thr 
290 295 300 

Glu Gin Lys Tyr Val Thr Leu Asp Ser Ala Ser Phe Leu Cys Ser Cys 
305 310 315 320 



<210> SEQ ID NO 8 

<211> LENGTH: 251 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION : IL-1 receptor intracellular ligand protein 

comprising amino acid sequence 
<300> PUBLICATION INFORMATION: 
<310> PATENT DOCUMENT NUMBER: 5,817,476 
<311> PATENT FILING DATE: 1995-06-07 
<312> PUBLICATION DATE: 1998-10-06 

<400> SEQUENCE: 8 

Lys Asn Phe Phe Leu Thr Asn Arg Ala Arg Glu Arg Ser Asp Thr Phe 
1 5 10 15 

He Asn Leu Arg Glu Val Leu Asn Arg Phe Lys Leu Pro Pro Gly Glu 
20 25 30 

Tyr He Leu Val Pro Ser Thr Phe Glu Pro Asn Lys Asp Gly Asp Phe 
35 40 45 

Cys He Arg Val Phe Ser Glu Lys Lys Ala Asp Tyr Gin Ala Val Asp 

50 .55 60 

Asp Glu He Glu Ala Asn Leu Glu Glu Phe Asp He Ser Glu Asp Asp 
65 70 75 80 

He Asp Asp Gly Phe Arg Arg Leu Phe Ala Gin Leu Ala Gly Glu Asp 
85 90 95 

Ala Glu He Ser Ala Phe Glu Leu Gin Thr He Leu Arg Arg Val Leu 
100 105 110 

Ala Lys Arg Gin Asp He Lys Ser Asp Gly Phe Ser He Glu Thr Cys 
115 120 125 



Lys He Met Val Asp Met Leu Asp Ser Asp Gly Ser Gly Lys Leu Gly 
130 135 140 
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Leu Lys Glu Phe Tyr He Leu Trp Thr Lys He Gin Lys Tyr Gin Lye 
145 150 155 160 

He Tyr Arg Glu He Asp Val Asp Arg Ser Gly Thr Met Asn Ser Tyr 
165 170 175 

Glu Met Arg Lys Ala Leu Glu Glu Ala Gly Phe Lys Met Pro Cys Gin 
180 185 190 

Leu His Gin Val He Val Ala Arg Phe Ala Asp Asp Gin Leu He He 
195 200 205 

Asp Phe Asp Asn Phe Val Arg Cya Leu Val Arg Leu Glu Thr Leu Phe 
210 215 " 220 

Lys He Phe Lys Gin Leu Asp Pro Glu Asn Thr Gly Thr He Glu Leu 
225 230 235 240 

Asp Leu He Ser Trp Leu Cys Phe Ser Val Leu 
245 250 



<210> SEQ ID NO 9 

<211> LENGTH: 700 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: IL-1 receptor Intracellular ligand protein 

comprising amino acid sequence 
<300> PUBLICATION INFORMATION: 
<310> PATENT DOCUMENT NUMBER: 5,817,476 
<311> PATENT FILING DATE: 1995-06-07 
<312> PUBLICATION DATE: 1998-10-06 

<400> SEQUENCE: 9 

Met Ala Gly He Ala Ala Lys Leu Ala Lys Asp Arg Glu Ala Ala Glu 
15 10 15 

Gly Leu Gly Ser His Glu Arg Ala He Lys Tyr Leu Asn Gin Asp Tyr 
20 25 30 

Glu Ala Leu Arg Asn Glu Cys Leu Glu Ala Gly Thr Leu Phe Gin Asp 
35 40 45 

Pro Ser Phe Pro Ala He Pro Ser Ala Leu Gly Phe Lys Glu Leu Gly 
50 55 60 

Pro Tyr Ser Ser Lys Thr Arg Gly Met Arg Trp Lys Arg Pro Thr Glu 
65 " 70 75 80 

He Cys Ala Asp Pro Gin Phe He He Gly Gly Ala Thr Arg Thr Asp 
85 90 95 

He Cys Gin Gly Ala Leu Gly Asp Cys Trp Leu Leu Ala Ala He Ala 
100 105 110 

Ser Leu Thr Leu Asn Glu Glu He Leu Ala Arg Val Val Pro Leu Asn 
115 120 125 

Gin Ser Phe Gin Glu Asn Tyr Ala Gly He Phe His Phe Gin Phe Trp 
130 135 140 

Gin Tyr Gly Glu Trp Val Glu Val Val Val Asp Asp Arg Leu Pro Thr 
145 150 155 160 

Lys Asp Gly Glu Leu Leu Phe Val His Ser Ala Glu Gly Ser Glu Phe 
165 170 175 

Trp Ser Ala Leu Leu Glu Lys Ala Tyr Ala Lys He Asn Gly Cys Tyr 
180 185 190 



Glu Ala Leu Ser Gly Gly Ala Thr Thr Glu Gly Phe Glu Asp Phe Thr 
195 200 205 
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Gly Gly lie Ala Glu Trp Tyr Glu Leu Lys Lye Pro Pro Pro Asn Leu 
210 215 220 

Phe Lys lie lie Gin Lys Ala Leu Gin Lys Gly Ser Leu Leu Gly Cys , 
225 230 235 240 

Ser lie Asp lie Thr Ser Ala Ala Asp Ser Glu Ala lie Thr Phe Gin 
245 250 255 

Lys Leu Val Lys Gly His Ala Tyr Ser Val Thr Gly Ala Glu Glu Val 
260 265 270 

Glu Ser Asn Gly Ser Leu Gin Lys Leu lie Arg lie Arg Asn Pro Trp 
275 280 285 

Gly Glu Val Glu Trp Thr Gly Arg Trp Asn Asp Asn Cys Pro Ser Trp 
290 295 300 

Asn Thr He Asp Pro Glu Glu Arg Glu Arg Leu Thr Arg Arg His Glu 
305 310 315 320 

Asp Gly Glu Phe Trp Met Ser Phe Ser Asp Phe Leu Arg His Tyr Ser 
325 330 335 

Arg Leu Glu He Cys Asn Leu Thr Pro Asp Thr Leu Thr Ser Asp Thr 
340 345 350 

Tyr Lys Lys Trp Lys Leu Thr Lys Met Asp Gly Asn Trp Arg Arg Gly 
355 360 365 

Ser Thr Ala Gly Gly Cys Arg Asn Tyr Pro Asn Thr Phe Trp Met Asn 
370 375 380 

Pro Gin Tyr Leu He Lys Leu Glu Glu Glu Asp Glu Asp Glu Glu Asp 
385 390 395 400 

Gly Glu Ser Gly Cys Thr Phe Leu Val Gly Leu He Gin Lys His Arg 
405 410 415 

Arg Arg Gin Arg Lys Met Gly Glu Asp Met His Thr He Gly Phe Gly 
420 425 430 

He Tyr Glu Val Pro Glu Glu Leu Ser Gly Gin Thr Asn lie His Leu 
435 440 445 

Ser Lys Asn Phe Phe Leu Thr Asn Arg Ala Arg Glu Arg Ser Asp Thr 
450 455 460 

Phe He Asn Leu Arg Glu Val Leu Asn Arg Phe Lys Leu Pro Pro Gly 
465 470 475 480 

Glu Tyr He Leu Val Pro Ser Thr Phe Glu Pro Asn Lys Asp Gly Asp 
485 490 495 

Phe Cys He Arg Val Phe Ser Glu Lys Lys Ala Asp Tyr Gin Ala Val 
500 505 510 

Asp Asp Glu He Glu Ala Asn Leu Glu Glu Phe Asp He Ser Glu Asp 
515 520 525 

Asp He Asp Asp Gly Val Arg Arg Leu Phe Ala Gin Leu Ala Gly Glu 
530 535 540 

Asp Ala Glu He Ser Ala Phe Glu Leu Gin Thr He Leu Arg Arg Val 
545 550 555 560 

Leu Ala Lys Arg Gin Asp He Lys Ser Asp Gly Phe Ser He Glu Thr 
565 570 575 

Cys Lys He Met Val Asp Met Leu Asp Ser Asp Gly Ser Gly Lys Leu 
580 585 590 

Gly Leu Lys Glu Phe Tyr He Leu Trp Thr Lys He Gin Lys Tyr Gin 
595 600 605 

Lys He Tyr Arg Glu He Asp Val Asp Arg Ser Gly Thr Met Asn Ser 
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610 615 620 

Tyr Glu Met Arg Lys Ala Leu Glu Glu Ala Gly Phe Lys Met Pro Cys 
625 630 635 640 

Gin Leu His Gin Val lie Val Ala Arg Phe Ala Asp Asp Gin Leu He 
645 650 655 

lie Asp Phe Asp Asn Phe Val Arg Cys Leu Val Arg Leu Glu Thr Leu 
660 665 670 

Phe Lye He Phe Lys Gin Leu Asp Pro Glu Asn Thr Gly Thr He Glu 
675 680 685 

Leu Asp Leu He Ser Trp Leu Cys Phe Ser Val Leu 
690 695 700 



<210> SEQ ID NO 10 
<211> LENGTH: 18 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA which is an ti sense to human IL-1 beta 
<300> PUBLICATION INFORMATION: 

<301> AUTHORS: Fujiwara, Toshiyoshi Grimm, Elizabeth A. 

<302> TITLE: Specific Inhibition of Inter leukin 1 beta Gene Expression 

by an An ti sense Oligonucleotide: Obligatory Role of Inter leukin 1 
in the Generation of Lymph okine-activated Killer Cells 

<303> JOURNAL: Cancer Res. 

<304> VOLUME: 52 

<306> PAGES: 4954-4959 

<307> DATE: 1992-09-15 

<400> SEQUENCE: 10 

ctcaggtact tctgccat 18 



<210> SEQ ID NO 11 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA which is anti sense to human IL-1 alpha 
<300> PUBLICATION INFORMATION: 
<301> AUTHORS: Maier, Jeanette A. 

Voulalas, Pamela 

Roeder, David 

Mac lag, Thomas 

<302> TITLE :, Extension of the Life-Span of Human Endothelial Cells by an 

Interleukin-1 alpha Antisense Oligomer 
<303> JOURNAL: Science 
<304> VOLUME: 249 
<306> PAGES: 1570-1574 
<307> DATE: 1990-09-28 

<400> SEQUENCE : 11 

tggatgggca actgatgtga aata 24 



<210> SEQ ID NO 12 
<211> LENGTH: 20 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

phosphorothioate DNA which is antisense to IL-1 receptor 
<300> PUBLICATION INFORMATION: 
<301> AUTHORS: Miraglia, Lor en 

Geiger, Thomas 

Bennett, C. Frank 

Dean, Nicholas M. 
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<302> TITLE: Inhibition of InterleuXin-1 Type I Receptor Expression 
in Human Cell -Lines by an An ti sense Phosphorothioate 
Ol igodeoxynuc leot ide 

<303> JOURNAL: Int. J. Immunopharmacol . 

<304> VOLUME: 18 

<305> ISSUE: 4 

<306> PAGES: 227-240 

<307> DATE: 1996 

<400> SEQUENCE: 12 

tgtgtcctgc aatcggtggc 20 



<210> SEQ ID NO 13 
<211> LENGTH: 18 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

phosphodiester or phosphorothioate DNA which is anti sense to 

human IL-1 receptor 
<300> PUBLICATION INFORMATION: 
<301> AUTHORS: Burch, Ronald M. 

Mahan, Lawrence C. 
<302> TITLE: Oligonucleotides Antisense to the Interleukin Receptor I 

mRNA Block the Effects of Interleukin I in Cultured Murine and 

Human Fibroblasts and in Mice 
<303> JOURNAL: J. Clin. Invest. 
<304> VOLUME: 88 
<306> PAGES: 1190-1196 
<307> DATE: 1991 

<400> SEQUENCE: 13 

tctgagtaac actttcat 18 



<210> SEQ ID NO 14 

<211> LENGTH: 233 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: Tumor Necrosis Factor Precursor (TNF- alpha; 

Cachectin) 
<300> PUBLICATION INFORMATION: 

<308> DATABASE ACCESSION NUMBER: P01375/GenBank 
<309> DATABASE ENTRY DATE: 2001-08-20 

<400> SEQUENCE: 14 

Met Ser Thr Glu Ser Met lie Arg Asp Val Glu Leu Ala Glu Glu Ala 
15 10 15 

Leu Pro Lys Lys Thr Gly Gly Pro Gin Gly Ser Arg Arg Cys Leu Phe 
20 25 30 

Leu Ser Leu Phe Ser Phe Leu lie Val Ala Gly Ala Thr Thr Leu Phe 
35 40 45 

Cys Leu Leu His Phe Gly Val lie Gly Pro Gin Arg Glu Glu Phe Pro 
50 55 60 

Arg Asp Leu Ser Leu lie Ser Pro Leu Ala Gin Ala Val Arg Ser Ser 
65 70 75 80 

Ser Arg Thr Pro Ser Asp LyB Pro Val Ala His Val Val Ala Asn Pro 
85 90 95 

Gin Ala Glu Gly Gin Leu Gin Trp Leu Asn Arg Arg Ala Asn Ala Leu 
100 105 ~ 110 

Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gin Leu Val Val Pro Ser 
115 120 125 



Glu Gly Leu Tyr Leu lie Tyr Ser Gin Val Leu Phe Lys Gly Gin Gly 
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130 135 140 

Cye Pro Ser Thr His Val Leu Leu Thr Bis Thr lie Ser Arg lie Ala 
145 150 155 160 

Val Ser Tyr Gin Thr Lys Val Asn Leu Leu Ser Ala lie Lys Ser Pro 
165 " 170 175 

Cys Gin Arg Glu Thr Pro Glu Gly Ala Glu Ala Lys Pro Trp Tyr Glu 
180 185 190 

Pro lie Tyr Leu Gly Gly Val Phe Gin Leu Glu Lys Gly Asp Arg Leu 
195 200 205 

Ser Ala Glu Zle Asn Arg Pro Asp Tyr Leu Asp Phe Ala Glu Ser Gly 
210 215 220 

Gin Val Tyr Phe Gly lie lie Ala Leu 
225 230 



<210> SKQ ID NO 15 

<211> LENGTH: 205 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: Tumor Necrosis Factor Beta (Lymphotoxin Alpha) 
<300> PUBLICATION INFORMATION: 

<308> DATABASE ACCESSION NUMBER: P01374/GenBank 
<309> DATABASE ENTRY DATE: 2001-08-20 

<400> SEQUENCE: 15 

Met Thr Pro Pro Glu Arg Leu Phe Leu Pro Arg Val Cys Gly Thr Thr 
1*5 10 15 

Leu His Leu Leu Leu Leu Gly Leu Leu Leu Val Leu Leu Pro Gly Ala 
20 25 30 

Gin Gly Leu Pro Gly Val Gly Leu Thr Pro Ser Ala Ala Gin Thr Ala 
35 40 45 

Arg Gin Hie Pro Lys Met His Leu Ala His Ser Thr Leu Lys Pro Ala 
50 55 60 

Ala His Leu lie Gly Asp Pro Ser Lys Gin Asn Ser Leu Leu Trp Arg 
65 70 75 80 

Ala Asn Thr Asp Arg Ala Phe Leu Gin Asp Gly Phe Ser Leu Ser Asn 
85 90 95 

Asn Ser Leu Leu Val Pro Thr Ser Gly' lie Tyr Phe Val Tyr Ser Gin 
100 105 110 

Val Val Phe Ser Gly Lys Ala Tyr Ser Pro Lys Ala Thr Ser Ser Pro 
115 120 125 

Leu Tyr Leu Ala His Glu Val Gin Leu Phe Ser, Ser Gin Tyr Pro Phe 
130 135 140 

His Val Pro Leu Leu Ser Ser Gin Lys Met Val Tyr Pro Gly Leu Gin 
145 150 155 160 

Glu Pro Trp Leu His Ser Met Tyr His Gly Ala Ala Phe Gin Leu Thr 
165 170 175 

Gin Gly Asp Gin Leu Ser Thr His Thr Asp Gly lie Pro His Leu Val 
180 185 190 

Leu Ser Pro Ser Thr Val Phe Phe Gly Ala Phe Ala Leu 
195 200 205 



<210> SEQ ID NO 16 
<211> LENGTH: 455 
<212> TYPE: PRT 
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<213> ORGANISM: Homo sapiens 
<220> FEATURE: 

<223> OTHER INFORMATION: Tumor Necrosis Factor p55 Receptor 
<300> PUBLICATION INFORMATION : 

<308> DATABASE ACCESSION NUMBER: AAA36753/GenBank 
<309> DATABASE ENTRY DATE: 1995-08>03 

<400> SEQUENCE: 16 

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu 
1 5 10 15 

Glu Leu Leu Val Gly lie Tyr Pro Ser Gly Val lie Gly Leu Val Pro 
20 25 30 

His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro Gin Gly Lys 
35 40 45 

Tyr lie His Pro Gin Asn Asn Ser lie Cys Cys Thr Lys Cys His Lys 
50 55 60 

Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gin Asp Thr Asp 
65 70 75 80 

Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu 
85 90 95 

Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gin Val 
100 105 110 

Glu lie Ser Ser Cys Thr Val Asp Arg Asp Thr Val Cys Gly Cys Arg 
115 120 125 

Lys Asn Gin Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gin Cys Phe 
130 135 140 

Asn Cys Ser Leu Cys Leu Asn Gly Thr Val His Leu Ser Cys Gin Glu 
145 150 155 160 

Lys Gin Asn Thr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu 
165 170 175 

Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr 
180 185 190 

Lys Leu Cys Leu Pro Gin lie Glu Asn Val Lys Gly Thr Glu Asp Ser 
195 200 205 

Gly Thr Thr Val Leu Leu Pro Leu Val lie Phe Phe Gly Leu Cys Leu 
210 215 220 

Leu Ser Leu Leu Phe lie Gly Leu Met Tyr Arg Tyr Gin Arg Trp Lys 
225 230 235 240 

Ser Lys Leu Tyr Ser lie Val Cys Gly Lys Ser Thr Pro Glu Lys Glu 
245 250 255 

Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser 
260 265 270 

Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val 
275 280 285 

Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cys 
290 295 300 

Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gin Gly 
305 310 315 320' 

Ala Asp Pro lie Leu Ala Thr Ala Leu Ala Ser Asp Pro lie Pro Asn 
325 330 335 

Pro Leu Gin Lys Trp Glu Asp Ser Ala His Lys Pro Gin Ser Leu Asp 
340 345 350 

Thr Asp Asp Pro Ala Thr Leu Tyr Ala Val Val Glu Asn Val Pro Pro 
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355 360 365 

Leu Arg Trp Lye Glu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu 
370 375 380 

lie Asp Arg Leu Glu Leu Gin Asn Gly Arg Cys Leu Arg Glu Ala Gin 
385 390 395 400 

Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala 
405 410 415 

Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly 
420 425 430 

Cys Leu Glu Asp lie Glu Glu Ala Leu Cys Gly Pro Ala Ala Leu Pro 
435 440 445 

Pro Ala Pro Ser Leu Leu Arg 
450 455 



<210> SEQ ID HO 17 

<211> LENGTH: 461 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: Tumor Necrosis Factor p75 Receptor 
<300> PUBLICATION INFORMATION: 

<308> DATABASE ACCESSION NUMBER: P20333/GenBan)t 
<309> DATABASE ENTRY DATE: 2001-08-20 

<400> SEQUENCE: 17 

Met Ala Pro Val Ala Val Trp Ala Ala Leu Ala Val Gly Leu Glu Leu 
1 5 10 15 

Trp Ala Ala Ala His Ala Leu Pro Ala Gin Val Ala Phe Thr Pro Tyr 
20 25 30 

Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu Arg Glu Tyr Tyr Asp Gin 
35 40 45 

Thr Ala Gin Met Cys Cys Ser Lys Cys Ser Pro Gly Gin His Ala Lys 
50 55 60 

Val Phe Cys Thr Lys Thr Ser Asp Thr Val Cys Asp Ser Cys Glu Asp 
65 70 75 80 

Ser Thr Tyr Thr Gin Leu Trp Asn Trp Val Pro Glu Cys Leu Ser Cys 
85 90 95 

Gly Ser Arg Cys Ser Ser Asp Gin Val Glu Thr Gin Ala Cys Thr Arg 
100 105 110 

Glu Gin Asn Arg lie Cys Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu 
115 120 ' 125 

Ser Lys Gin Glu Gly Cys Arg Leu Cys Ala Pro Leu Arg Lys Cys Arg 
130 135 140 

Pro Gly Phe Gly Val Ala Arg Pro Gly Thr Glu Thr Ser Asp Val Val 
145 150 155 160 

Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr 
165 170 175 

Asp He Cys Arg Pro His Gin He Cys Asn Val Val Ala He Pro Gly 
180 185 190 

Asn Ala Ser Arg Asp Ala Val Cys Thr Ser Thr Ser Pro Thr Arg Ser 
195 200 205 

Met Ala Pro Gly Ala Val His Leu Pro Gin Pro Val Ser Thr Arg Ser 
210 215 220 

Gin His Thr Gin Pro Thr Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser 
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225 230 235 240 

Phe Leu Leu Pro Met Gly Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly 
245 250 255 

Asp Phe Ala Leu Pro Val Gly Leu lie Val Gly Val Thr Ala Leu Gly 
260 265 270 

Leu Leu lie lie Gly Val Val Asn Cys Val lie Met Thr Gin Val Lys 
275 280 285 

Lys Lys Pro Leu Cys Leu Gin Arg Glu Ala Lys Val Pro His Leu Pro 
290 295 300 

Ala Asp Lys Ala Arg Gly Thr Gin Gly Pro Glu Gin Gin His Leu Leu 
305 310 315 320 

lie Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser 
325 330 335 

Ala Leu Asp Arg Arg Ala Pro Thr Arg Asn Gin Pro Gin Ala Pro Gly 
340 345 350 

Val Glu Ala Ser Gly Ala Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser 
355 360 365 

Asp Ser Ser Pro Gly Gly His Gly Thr Gin Val Asn Val Thr Cys He 
370 375 380 

Val Asn Val Cys Ser Ser Ser Asp His Ser Ser Gin Cys Ser Ser Gin 
385 390 395 400 

Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro 
405 410 415 

Lys Asp Glu Gin Val Pro Phe Ser Lys Glu. Glu Cys Ala Phe Arg Ser 
420 425 430 

Gin Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro 
435 440 445 

Leu Pro Leu Gly Val Pro Asp Ala Gly Met Lys Pro Ser 
450 455 460 



<210> SBQ ID MO 18 

<211> LENGTH: 410 

<212> TYPE: PRT 

<213> ORGANISM : Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: TNF receptor death domain ligand protein 

comprising amino acid sequence 
<300> PUBLICATION INFORMATION: 
<310> PATENT DOCUMENT NUMBER: 5,849,501 
<311> PATENT FILING DATE: 1995-06-19 
<312> PUBLICATION DATE: 1998-12-15 

<400> SEQUENCE: 18 

Ser Asn Ala Gly Asp Gly Pro Gly Gly Glu Gly Ser Val His Leu Ala 
15 10 15 

Ser Ser Arg Gly Thr Leu Ser Asp Ser Glu He Glu Thr Asn Ser Ala 
20 25 30 

Thr Ser Thr He Phe Gly Lys Ala His Ser Leu Lys Pro Ser He Lys 
35 40 45 

Glu Lys Leu Ala Gly Ser Pro He Arg Thr Ser Glu Asp Val Ser Gin 
50 55 60 

Arg Val Tyr Leu Tyr Glu Gly Leu Leu Gly Lys Glu Arg Ser Thr Leu 
65 70 75 80 

Trp Asp Gin Met Gin Phe Trp Glu Asp Ala Phe Leu Asp Ala Val Met 
85 90 95 
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Leu Glu Arg Glu Gly Met Gly Met Asp Gin Gly Pro Gin Glu Met He 
100 105 110 

Asp Arg Tyr Leu Ser Leu Gly Glu His Asp Arg Lys Arg Leu Glu Asp 
115 120 125 

Asp Glu Asp Arg Leu Leu Ala Thr Leu Leu His Asn Leu He Ser Tyr 
130 135 140 

Met Leu Leu Met Lys Val Asn Lys Asn Asp He Arg Lys Lys Val Arg 
145 150 155 160 

Arg Leu Met Gly Lys Ser His He Gly Leu Val Tyr Ser Gin Gin He 
165 * 170 175 

Asn Glu Val Leu Asp Gin Leu Ala Asn Leu Asn Gly Arg Asp Leu Ser 
180 185 190 

He Trp Ser Ser Gly Ser Arg His Met Lys Lys Gin Thr Phe Val Val 
195 200 205 

His Ala Gly Thr Asp Thr Asn Gly Asp He Phe Phe Met Glu Val Cys 
210 215 220 

Asp Asp Cys Val Val Leu Arg Ser Asn He Gly Thr Val Tyr Glu Arg 
225 " 230 235 240 

Trp Trp Tyr Glu Lys Leu He Asn Met Thr Tyr Cys Pro Lys Thr Lys 
245 250 255 

Val Leu Cys Leu Trp Arg Arg Asn Gly Ser Glu Thr Gin Leu Asn Lys 
260 265 270 

Phe Tyr Thr Lys Lys Cys Arg Glu Leu Tyr Tyr Cys Val Lys Asp Ser 
275 280 285 

Met Glu Arg Ala Ala Ala Arg Gin Gin Ser He Lys Pro Gly Pro' Glu 
290 295 300 

Leu Gly Gly Glu Phe Pro Val Gin Asp Leu Lys Thr Gly Glu Gly Gly 
305 310 315 320 

Leu Leu Gin Val Thr Leu Glu Gly He Asn Leu Lys Phe Met His Asn 
325 330 335 

Gin Val Phe He Glu Leu Asn His He Lys Lys Cys Asn Thr Val Arg 
340 345 350 

Gly Val Phe Val Leu Glu Glu Phe Val Pro Glu He Lys Glu Val Val 
355 360 365 

Ser His Lys Tyr Lys Thr Pro Met Ala His Glu He Cys Tyr Ser Val 
370 375 380 

Leu Cys Leu Phe Ser Tyr Val Ala Ala Val His Ser Ser Glu Glu Asp 
385 390 395 400 

Leu Arg Thr Pro Pro Arg Pro Val Ser Ser 
405 410 



<210> SEQ ID HO 19 

<211> LENGTH: 138 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION : TNF receptor death domain ligand protein 

comprising amino acid sequence 
<300> PUBLICATION INFORMATION: 
<310> PATENT DOCUMENT NUMBER: 5,849,501 
<311> PATENT FILING DATE: 1995-06-19 
<312> PUBLICATION DATE: 1998-12-15 



<400> SEQUENCE: 19 
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Glu Val Gin Asp Leu Phe Glu Ala Gin Gly Asn Asp Arg Leu Lys Leu 
15 10 15 

Leu Val Leu Tyr Ser Gly Glu Asp Asp Glu Leu Leu Gin Arg Ala Ala 
20 25 30 

Ala Gly Gly Leu Ala Met Leu Thr Ser Met Arg Pro Thr Leu Cys Ser 
35 40 45 

Arg lie Pro Gin Val Thr Thr His Trp Leu Glu lie Leu Gin Ala Leu 
50 55 60 

Leu Leu Ser Ser Asn Gin Glu Leu Gin His Arg Gly Ala Val Val Val 
65 70 75 80 

Leu Asn Met Val Glu Ala Ser Arg Glu lie Ala Ser Thr Leu Met Glu 
85 90 95 

Ser Glu Met Met Glu lie Leu Ser Val Leu Ala Lys Gly Asp His Ser 
100 105 110 

Pro Val Thr Arg Ala Ala Ala Ala Cys Leu Asp Lys Ala Val Glu Tyr 
115 120 125 

Gly Leu He Gin Pro Asn Gin Asp Gly Glu 
130 135 



<210> SEQ ID MO 20 

<211> LENGTH: 310 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: TNF receptor death domain ligand protein 

comprising amino acid sequence 
<300> PUBLICATION INFORMATION: 
<310> PATENT DOCUMENT NUMBER: 5,849,501 
<311> PATENT FILING DATE: 1995-06-19 
<312> PUBLICATION DATE: 1998-12-15 

<400> SEQUENCE: 20 

Ser Leu Lys Ala Asn lie Pro Glu Val Glu Ala Val Leu Asn Thr Asp 
15 10 15 

Arg Ser Leu Val Cys Asp Gly Lys Arg Gly Leu Leu Thr Arg Leu Leu 
20 25 30 

Gin Val Met Lys Lys Glu Pro Ala Glu Ser Ser Phe Arg Phe Trp Gin 
35 40 45 

Ala Arg Ala Val Glu Ser Phe Leu Arg Gly Thr Thr Ser Tyr Ala Asp 
50 55 60 

Gin Met Phe Leu Leu Lys Arg Gly Leu Leu Glu His He Leu Tyr Cys 
65 70 75 80 

He Val Asp Ser Glu Cys Lys Ser Arg Asp Val Leu Gin Ser Tyr Phe 
85 90 95 

Asp Leu Leu Gly Glu Leu Met Lys Phe Asn Val Asp Ala Phe Lys Arg 
100 105 110 

Phe Asn Lys Tyr He Asn Thr Asp Ala Lys Phe Gin Val Phe Leu Lys 
115 120 125 

Gin He Asn Ser Ser Leu Val Asp Ser Asn Met Leu Val Arg Cys Val 
130 135 140 

Thr Leu Ser Leu Asp Arg Phe Glu Asn Gin Val Asp Met Lys Val Ala 
145 150 155 160 

Glu Val Leu Ser Glu Cys Arg Leu Leu Ala Tyr He Ser Gin Val Pro 
165 170 175 

Thr Gin Met Ser Phe Leu Phe Arg Leu He Asn He He His Val Gin 



US 2002/0077276 Al Jun. 20, 2002 

65 



-continued 



180 185 190 

Thr Leu Thr Gin Glu Asn Val Ser Cys Leu Asn Thr Ser Leu Vol He 
195 200 205 

Leu Met Leu Ala Arg Arg Lys Glu Arg Leu Pro Leu Tyr Leu Arg Leu 
210 '215 220 

Leu Gin Arg Met Glu Hie Ser Lys Lys Tyr Pro Gly Phe Leu Leu Asn 
225 230 235 240 

Asn Phe His Asn Leu Leu Arg Phe Trp Gin Gin His Tyr Leu His Lys 
245 250 255 

Asp Lys Asp Ser Thr Cys Leu Glu Asn Ser Ser Cys He Ser Phe Ser 
260 265 270 

Tyr Trp Lys Glu Thr Val Ser He Leu Leu Asn Pro Asp Arg Gin Ser 
275 280 285 

Pro Ser Ala Leu Val Ser Tyr He Glu Glu Pro Tyr Met Asp He Asp 
. 290 295 300 

Arg Asp Phe Thr Glu Glu 
305 310 



<210> SEQ ID NO 21 

<211> LENGTH: 607 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE: 

<223> OTHER INFORMATION: TNF receptor death domain ligand protein 

comprising amino acid sequence 
<300> PUBLICATION INFORMATION: 
<310> PATENT DOCUMENT NUMBER: 5,849,501 
<311> PATENT FILING DATE: 1995-06-19 
<312> PUBLICATION DATE: 1998-12-15 

<400> SEQUENCE: 21 

Glu He Ser Arg Lys Val Tyr Lys Gly Met Leu Asp Leu Leu Lys Cys 
1 5 10 15 

Thr Val Leu Ser Leu Glu Gin Ser Tyr Ala His Ala Gly Leu Gly Gly 
20 25 30 

Met Ala Ser He Phe Gly Leu Leu Glu He Ala Gin Thr His Tyr Tyr 
35 40 45 

Ser Lys Glu Pro Asp Lys Arg Lys Arg Ser Pro Thr Glu Ser Val Asn 
50 55 60 

Thr Pro Val Gly Lys Asp Pro Gly Leu Ala Gly Arg Gly Asp Pro Lys 
65 70 75 80 

Ala Met Ala Gin Leu Arg Val Pro Gin Leu Gly Pro Arg Ala Pro Ser 
85 90 95 

Ala Thr Gly Lys Gly Pro Lys Glu Leu Asp Thr Arg Ser Leu Lys Glu 
100 105 110 

Glu Asn Phe He Ala Ser He Gly Pro Glu Val He Lys Pro Val Phe 
115 120 125 

Asp Leu Gly Glu Thr Glu Glu Lys Lys Ser Gin He Ser Ala Asp Ser 
130 135 140 

Gly Val Ser Leu Thr Ser Ser Ser Gin Arg Thr Asp Gin Asp Ser Val 
145 150 155 160 

He Gly Val Ser Pro Ala Val Met He Arg Ser Ser Ser Gin Asp Ser 
165 170 175 



Glu Val Ser Thr Val Val Ser Asn Ser Ser Gly Glu Thr Leu Gly Ala 
180 185 190 
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Asp Ser Asp Leu Ser Ser Asn Ala Gly Asp Gly Pro Gly Gly Glu Gly 
195 200 205 

Ser Val Bis Leu Ala Ser Ser Arg Gly Thr Leu Ser Asp Ser Glu He 
210 215 220 

Glu Thr Asn Ser Ala Thr Ser Thr lie Phe Gly Lys Ala His Ser Leu 
225 230 235 240 

Lys Pro Ser He Lys Glu Lys Leu Ala Gly Ser Pro lie Arg Thr Ser 
245 250 255 

Glu Asp Val Ser Gin Arg Val Tyr Leu Tyr Glu Gly Leu Leu Gly Lys 
260 265 270 

Glu Arg Ser Thr Leu Trp Asp Gin Met Gin Phe Trp Glu Asp Ala Phe 
275 280 285 

Leu Asp Ala Val Met Leu Glu Arg Glu Gly Met: Gly Met Asp Gin Gly 
290 295 300 

Pro Gin Glu Met He Asp Arg Tyr Leu Ser Leu Gly Glu His Asp Arg 
305 310 315 320 

Lys Arg Leu Glu Asp Asp Glu Asp Arg Leu Leu Ala Thr Leu Leu His 
325 330 335 

Asn Leu He Ser Tyr Met Leu Leu Met Lys Val Asn Lys Asn Asp He 
340 345 350 

Arg Lys Lys Val Arg Arg Leu Met Gly Lys Ser His He Gly Leu Val 
355 360 365 

Tyr Ser Gin Gin He Asn Glu Val Leu Asp Gin Leu Ala Asn Leu Asn 
370 375 380 

Gly Arg Asp Leu Ser He Trp Ser Ser Gly Ser Arg His Met Lys Lys 
385 390 395 400 

Gin Thr Phe Val Val His Ala Gly Thr Asp Thr Asn Gly Asp He Phe 
405 410 415 

Phe Met Glu Val Cys Asp Asp Cys Val Val Leu Arg Ser Asn He Gly 
420 425 430 

Thr Val Tyr Glu Arg Trp Trp Tyr Glu Lys Leu He Asn Met Thr Tyr 
435 440 445 

Cys Pro Lys Thr Lys Val Leu Cys Leu Trp Arg Arg Asn Gly Ser Glu 
450 455 ' 460 

Thr Gin Leu Asn Lys Phe Tyr Thr Lys Lys Cys Arg Glu Leu Tyr Tyr 
465 470 475 480 

Cys Val Lys Asp Ser Met Glu Arg Ala Ala Ala Arg Gin Gin Ser He 
485 490 495 

Lys Pro Gly Pro Glu Leu Gly Gly Glu Phe Pro Val Gin Asp Leu Lys 
500 505 510 

Thr Gly Glu Gly Gly Leu Leu Gin Val Thr Leu Glu Gly He Asn Leu 
515 520 525 

Lys Phe Met His Asn Gin Val Phe He Glu Leu Asn His He Lys Lys 
530 535 540 

Cys Asn Thr Val Arg Gly Val Phe Val Leu Glu Glu Phe Val Pro Glu 
545 550 555 560 

He Lys Glu Val Val Ser His Lys Tyr Lys Thr Pro Met Ala His Glu 
565 570 575 

He Cys Tyr Ser Val Leu Cys Leu Phe Ser Tyr Val Ala Ala Val His 
580 585 590 
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-continued 

Ser Ser Glu Glu Asp Leu Arg Thr Pro Pro Arg Pro Val Ser Ser 
595 600 605 



<210> SEQ ID NO 22 
<211> LENGTH: 18 
<212> TYPE: DMA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

DNA which is anti sense to TNF-alpha 
<300> PUBLICATION INFORMATION: 
<310> PATENT DOCUMENT NUMBER: 5,705,389 
<311> PATENT FILING DATE: 1994-11-18 
<312> PUBLICATION DATE: 1998-01-06 

<400> SEQUENCE: 22 

tcatggtgtc ctttgcag 18 



<210> SEQ ID NO 23 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA upper primer for Dengue virus type 2 detection 

<400> SEQUENCE: 23 

aatatgctga aacgcgagag aaaccg 26 



<210> SEQ ID NO 24 
<211> LENGTH: 22 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA lower primer for Dengue virus type 2 detection 

<400> SEQUENCE: 24 

aaggaacgcc accaaggcca tg 22 



<210> SEQ ID NO 25 
<211> LENGTH: 29 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA upper primer for IL-lra detection 

<400> SEQUENCE: 25 

cgggatccgg gagaaaatcc agcaagatg 29 



<210> SEQ ID NO 26 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
DNA lower primer for IL-lra detection 

<400> SEQUENCE: 26 
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aggtcctgct catcccctta aggc 



24 
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What is claimed is: 

1. A method of treating a disease, condition or disorder, 
comprising: 

administering blood or a soluble-receptor containing frac- 
tion thereof to a mammal suffering from an acute 
inflammatory condition, wherein prior to administra- 
tion the blood or fraction thereof has been contacted 
with tetracycline or a tetracycline -like compound, 
whereby the level of a pre-selected cytokine receptor in 
the blood is at least three-fold higher than level of the 
receptors prior to contacting with the tetracycline or 
tetracycline-like compound 

2. The method of claim 1, wherein the cytokine receptor 
is a tumor necrosis factor (TNF) receptor and/or an inter- 
leukin-1 receptor (IL-1R). 

3. The method of claim 1, wherein the disease, condition 
or disorder is selected from the group consisting of acute 
inflammatory conditions associated with viral hemorrhagic 
diseases, parasitic diseases, bacterial infections, sepsis, 
cachexia, autoimmune disorders, acute cardiovascular 
events, chronic myelogenous leukemia and transplanted 
bone marrow-induced graft -versus- hast disease, septic 
shock, immune complex-induced colitis, cerebrospinal fluid 
inflammation, autoimmune disorders, multiple sclerosis; 
inflammatory responses associated with trauma; systemic 
inflammatory response syndrome (SIRS), adult respiratory 
distress syndrome (ARDS), acute liver failure, inflammatory 
bowel disease and Crohn's disease. 

4. The method of claim 1, wherein the disease, condition 
or disorder is selected from viral hemorrhagic diseases and 
bacterial infections. 

5. The method of claim 1, wherein the contacting with 
tetracycline or a tetracycline-like compound is effected by 
administering the tetracycline or tetracycline-like compound 
to the donor of the blood. 

6. The method of claim 1, wherein the mammal has a viral 
hemorrhagic disease. 

7. A method for treating or preventing a viral hemorrhagic 
disease, comprising administering an effective amount of a 
tetracycline or tetracycline-like compound, whereby the 
viral hemorrhagic disease is treated or prevented. 

8. The method of claim 7, further comprising administer- 
ing a blood-derived composition, wherein: 

the composition is produced by 

i) obtaining blood from a mammalian donor and mea- 
suring the level of a cytokine antagonist or cytokine 
receptor in the blood; and 

ii) administering to the mammalian donor or contacting 
blood from the donor with a tetracycline or tetracy- 
cline-like compound(s) in an amount sufficient and 
for a time sufficient to result in a three-fold increase 
in the measured cytokine antagonist or receptor, and 

the composition is administered simultaneously, subse- 
quently or before administration of the tetracycline or 
tetracycline-like compound 

9. The method of claim 7, further comprising administer- 
ing an anti-hemorrhagic viral treatment or agent to the 
mammal. 

10. A combination, comprising: 

a) a tetracycline compound; and 

b) an anti-hemorrhagic virus treatment or agent. 



11. The combination of claim 10, wherein the tetracycline 
compound and the anti-hemorrhagic virus agent are formu- 
lated in a single pharmaceutical composition or each for- 
mulated in a separate pharmaceutical compositions. 

12. The combination of claim 10, wherein the tetracycline 
compound is selected from the group consisting of chlortet- 
racycline, demeclocycline, doxycycline, methacycline, 
minocycline, oxytetracycline and tetracycline. 

13. The combination of claim 10, wherein the hemor- 
rhagic virus is a Bunyaviridae, a Filoviridae, a Flaviviridae, 
or an Arenaviridae virus. 

14. The combination of claim 10, wherein the anti- 
hemorrhagic virus agent inhibits interleukin-1 (IL-1) and/or 
tumor necrosis factor (TNF). 

15. The combination of claim 14, wherein the agent that 
inhibits IL-1 is selected from the group consisting of an ti- 
ll.- 1 antibodies, anti-IL-1 receptor antibodies, IL-1 receptor 
antagonists, IL-1 production inhibitors, IL-1 receptor pro- 
duction inhibitors, and IL-1 releasing inhibitors. 

16. The combination of claim 14, wherein the TNF 
inhibitor is selected from the group consisting of an anti- 
TNF antibody, an anti-TNF receptor antibody, a TNF recep- 
tor antagonist, a TNF production inhibitor, a TNF receptor 
production inhibitor and a TNF releasing inhibitor. 

17. The combination of claim 10, wherein the anti-viral- 
hemorrhagic agent is selected from the group consisting of 
an anti-viral vaccine, an anti-viral antibody, a viral-activated 
immune cell and a viral-activated immune serum. 

18. The method of claim 9, wherein the mammal is a 
human. 

19. The method of claim 18, wherein the tetracycline 
compound is selected from the group consisting of chlortet- 
racycline, demeclocycline, doxycycline, methacycline, 
minocycline, oxytetracycline and tetracycline. 

20. The method of claim 9, wherein the anti-viral hem- 
orrhagic treatment comprises administering an effective 
amount of an anti-viral-hemorrhagic agent. 

21. The method of claim 20, wherein the tetracycline 
compound and the anti-viral-hemorrhagic agent are admin- 
istered sequentially. 

22. The method of claim 21, wherein the tetracycline 
compound and the anti hemorrhagic virus treatment are 
co-administered. 

23. The method of claim 22, wherein the tetracycline 
compound and the anti-viral-hemorrhagic agent are admin- 
istered in the same composition. 

24. The method of claim 9, wherein the anti-hemorrhagic 
virus agent inhibits interleukin-1 (IL-1) and/or tumor necro- 
sis factor (TNF). 

25. The method of claim 24, wherein the agent that 
inhibits IL-1 is selected from the group consisting of anti- 
IL-1 antibodies, anti-IL-1 receptor antibodies, IL-1 receptor 
antagonists, IL-1 production inhibitors, IL-1 receptor pro- 
duction inhibitors, and IL-1 releasing inhibitors. 

26. The method of claim 25, wherein the TNF inhibitor is 
selected from the group consisting of an anti-TNF antibody, 
an anti-TNF receptor antibody, a TNF receptor antagonist, a 
TNF production inhibitor, a TNF receptor production inhibi- 
tor and a TNF releasing inhibitor. 

27. A kit, comprising the combination of claim 10 and 
instructions for administration of the components for treat- 
ment of a hemorrhagic viral infection. 
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28. An article of manufacture, comprising: 
packaging material; 

a tetracycline compound or a tetracycline-like com- 
pounds) in an amount effective for treating a hemor- 
rhagic viral infection; and 

a label indicating that the tetracycline compound is for use 
in treating a hemorrhagic viral infection. 

29. A method for producing a cytokine-receptor-eoriched 
blood product, comprising: 

treating blood or a fraction thereof with a tetracycline or 
tetracycline-like compound; and 

harvesting the plasma, wherein the plasma is enriched for 
cytokine receptors compared to the blood prior to 
treatment. 

30. The method of claim 29, wherein the receptors are 
soluble tumor necrosis factor (TNF) receptors and/or inter- 
leukin-1 (IL-1) receptors. 

31. The method of claim 29, wherein the blood is con- 
tacted in vitro. 

32. The method of claim 29, wherein the blood is con- 
tacted in vivo. 

33. The method of claim 29, further comprising harvest- 
. ing the globulin fraction. 

34. A method for producing cytokine-receptor-enriched 
compositions, comprising: 

treating white blood cells in vitro with a tetracycline or 
tetracycline-like compound, whereby receptor expres- 
sion is induced; and 

collecting extracellular medium. 

35. The method of claim 34, further comprising: 

fractionating the medium to collect fractions) that con- 
tain the receptors. 

36. The method of claim 34, wherein the receptors com- 
prise soluble tumor necrosis factor (TNF) receptors and/or 
interleukin-1 (IL-1) receptors. 

37. The method of claim 34, further comprising isolating 
IL-1 and/or TNF receptors therefrom. 

38. A soluble receptor-containing composition produced 
by the method of claim 29. 

39. A soluble receptor-containing composition produced 
by the method of claim 34. 

40. A method of treatment of a mammal having an acute 
inflammatory condition, disease or disorder, comprising 
administering the composition of claim 59. 



41. The method of claim 40, wherein the acute inflam- 
matory condition is selected from the group consisting of 
acute inflammatory conditions associated with viral hemor- 
rhagic diseases, parasitic diseases, bacterial infections, sep- 
sis, cachexia, autoimmune disorders, acute cardiovascular 
events, chronic myelogenous leukemia and transplanted 
bone marrow-induced graft-versus-host disease, septic 
shock, immune complex-induced colitis, cerebrospinal fluid 
inflammation, autoimmune disorders, multiple sclerosis; 
inflammatory responses associated with trauma; systemic 
inflammatory response syndrome (SIRS), adult respiratory 
distress syndrome (ARDS), acute liver failure, inflammatory 
bowel disease and Crohn's disease. 

42. A method of treatment of a mammal having an acute 
inflammatory condition, disease or disorder, comprising 
administering the composition of claim 39. 

43. The method of claim 42, wherein the acute inflam- 
matory condition is selected from the group consisting of 
acute inflammatory conditions associated with viral hemor- 
rhagic diseases, parasitic diseases, bacterial infections, sep- 
sis, cachexia, autoimmune disorders, acute cardiovascular 
events, chronic myelogenous leukemia and transplanted 
bone marrow-induced graft-versus-host disease, septic 
shock, immune complex-induced colitis, cerebrospinal fluid 
inflammation, autoimmune disorders, multiple sclerosis; 
inflammatory responses associated with trauma; systemic 
inflammatory response syndrome (SIRS), adult respiratory 
distress syndrome (ARDS), acute liver failure, inflammatory 
bowel disease and Crohn's disease. 

44. A method for treatment or prophylaxis of an inflam- 
matory disease, comprising administering an effective 
amount of a tetracycline or tetracycline-like compound, 
whereby the disease is treated or prevented, and wherein the 
disease, condition or disorder is selected from the group 
consisting of multiple sclerosis, rheumatoid arthritis, and 
inflammatory responses associated with systemic inflamma- 
tory response syndrome (SIRS), adult respiratory distress 
syndrome (ARDS), acute liver failure, inflammatory bowel 
disease, polytrauma, bums, major surgery or Crohn's dis- 
ease. 

45. The method of claim 44, wherein the tetracycline 
compound is selected from the group consisting of chlortet- 
racycline, demeclocycline, doxycycline, methacycline, 
minocycline, oxytetracycline and tetracycline. 

♦ * * * * 
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100 
MHfflBg h 



PRIMERS DB STGWm FOR DKN-2 CLONIKQ/SEQURWCINQ PROJECT! 



SSQ. 
ZD 



PKTWffR 



MgR/9TO3g fflBfflffiBBL 



9 

10 

n 

12 

13 . 

14 

15 

16 

17 

IB 

19 

20 

21 

22 



pUC/M13-P5 
pUC/M13-P5B 
pUC/M13-P3 
DUC/M13-P3B 
D2-1-ECO.T7 75/+ 



D2-SMT71 



D2-1 
D2-28 
D2-134 
CD2-250 
D2-274 
CD2-37S 
D2-528 
CD2-616 
D2-616 
CD2-618 
CD2-771 
D2-847 
D2-996 
CD2-996 



25A 
27/+ 
25/+ 
27/- 



77/+ 



24/+ 
34/+ 
2B/+ 
26/- 
32/+ 
25/- 
25/+ 
26/- 
25/+ 
25/- 
25/- 
25/+ 
27/+ 
27/- 



5 • -CCCAGTCACGACGTTGTAAAAOGAC-3 ' 

5 1 - GGATGTGCTGCAAGGCGATTAAOTTGO- 3 * 

5 • -TGAGCGGAIAACAATTTCACACAGG - 3 * 

5 ' -GGCTTTACACTTrATGCTTCCGGCTCX5-3 1 

5 1 - GCGGATATTG / GAATTC/ TCTAGA/ 

AATTTAATACGACTCACTATA/ 

VrrA GTCTACGTGGJlCOGACAAAGACAG - 3 ' 

(5' -Pill /BcpRI /Xbal/T7 Promoter/ 
5 '-end of DEN- 2) 

5 • -CCAGT/GAATTC/OAQCTC/ACGCGT/ 
AAATTTAATACGACTCACTATA/ 
AGT lb 1TAGTCTACGTGGACC3GACAAAOACAO- 3 • 

(S'-PiU/EcoRI/Sstl/MluI/T? Promoter/ 
5 '-end of DEN- 2) 

5 * -ACTTGTTAGTCTACGTO5ACCGAC-3 « 

5 ' - GACAGATTCTTTGAGGQAGCTGAG CTCAACGTAG - 3 • 

5 • - TCAATATGCTGAAACGCGAGMAAACCG- 3 ' 

5 • -GGGATTGTTAGGAAACGAAGGAACX5C-3 » 

5 1 -CCACCAAC7UXZAGGGA1ACTGAAAAQATGGGG-3 * 

5 1 - TGGAGATCTGCGTCTCCTATTCAAG - 3 1 

5 • -CXSTGAACATGTOTACOCrCATGGCC-3 ' 

5 » -TTGCACCAACAGTCAATGTCTTCAGO-3 • 

5 » - ACC^GAAGACATAGATTCnTGGTGC- 3 ' 

5 1 -GCACCAACAGTCTATGTCTTCTGGC - 3 • 

5 ' -ATGTTTCCAGGCCCCrrcroATGAC- 3 ' 

5 * -GCAGCAATCCTGGCATACACCATAG- 3 ' 

5 1 - GGTTGACATAGTCTrAGAACATGGAAG- 3 1 

5 1 - CTTCCATGrTTCTAAGACTATGTCAACC- 3 • 
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• 
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SBQ. 

ID 

HQs 


mm 








101 

8BOUEHCB — 


23 


D2-1005 




35/* 


5 


1 -GTClTAG^CATGGAAGTTCnxnGAOCAOGATGGC.S * 


24 


D2-1141 




25/+ 


5 


1 - ACAACAGAATCTCGCTt^OUCAC- 3 ■ 


25 


D2-1211 




25/+ 


5 


» - GCAAACACTCCATGGTAGAjCAOAGG- 3 ■ 


26 


CD2-1211 




25/- 


5 


• -CCTCTGTCTACCATGGAGTGTnGC-3 1 


27 


CD2-1227 




27/- 


5 


* - CCACATCCATTTCCCCATCCTCTOTCT- 3 1 


28 


D2-1261 




30/+ 


5 


• -GGAAAGGGAGGCATTGTGACCTGTGCTATG-3 » 


29 


D2-1416 




28/* 


5 


• - GGAAATCAAAATAACACCACTUSJ^GTrCC. 3 • 


30 


CD2-1503 




34/- 


5 


- CTGCAGCAACACCATCTCATTTiAAGTOQAGGCCC - 3 * 


31 


D2-1510 




25/+ 


5 


1 -GACTTCAATGAGATGGTGCTGCTGC-3 1 


32 


CD2-1510 




25/+ 


5 


-GCAGCAGCACCATCrCATTGAAGTC-3 1 


33 


D2-1546 




2B/+ 


5 


- AAGCTTG6CTGG7GCACAGGCAATG6TT. 3 • 


34 


CD2-1567 




27/- 


5 


-TGOTAACGGCAGGTCTAGGAACCATTG-3 * 


35 


D2-1777 




23/+ 


5 


-GGACATCTCRAGTGCAGGCTGAG-3 * 


36 


CD2-1777 




23/+ 


5 


- CTCAGCCTGCACTTGAGATGTCC- 3 • 


37 


D2-1863 




27/+ 


5 


- GAAGGAAATAGCAGAAACACAACATGG - 3 * 


38 


CD2-188B 




33/- 


5 


-CCCITCATA!TTCTACTXTCATAACTATrGrTTCC.3 1 


39 


D2-2047 




32/+ 


5 


- CCIXTCATTCGGAGACAGCTACATCATCAIAGG - 3 ' 


40 


CD2-2047 




32/- 


5 


-CCTATGATGATGTAGCTGTCTCCGAATGGAGG-3 1 


41 


D2-2170 




29/+ 


5 


-ATGGCGATTITAGGTGACACAGGCTGGGA- 3 1 


42 


CD2-2200 




27/ - 


5 


- TGTAAACACTCCTCCCAGGGATCCAAA - 3 • 


43 


D2-2308 




29/+ 


5« 


- CTCATASGAGTCATTATCACATGGATAGG - 3 • 


44 


CD2-2504 

i 




35/. 


5' 


.GGGGATTCTC^GGAAOT 


45 


CD2~2622 




30/- 


5 


- TGATTCAAOTCItXnX^riAT'I'lXJ'rTTCCAC - 3 » 


46 


D2-2702 




25/+ 


5 


-AAGGAATCATGCAGGCAGGAAAACG-3 1 


47 


CD2-2864 








A A 


48 


D2-2992 




25/+ 


5 


- AACAGAGC CGTCCATG CCGATATGG - 3 « 


49 


CD2-3105 




22/- 


5 


- TCCATTGCTCCA^AGGGTGTGT- 3 ' 
6 


50 


D2-3236 




25/+ 


5 


-AGCTTGAGATGGACTTTGATTTCTG-3 1 
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SBQ. 102 
ID 

HD= PRXKETR MTO/SmSB . flBQBgSSg : 

51 CD2-3410 22/- 5 1 -GGTCTGATTTCOlTCCOGTACC-3 1 

52 D2-3621 23/+ 5 1 -GTrCCTTTAGAGACCIXXXJAAGAG- 3 ' 

53 cD2-3739 25/- 5 1 -GTTTTCTCMQAGTAGTCCAGCTGC-3 1 

C 

54 D2-3905 25/* 5 • -ATCAATTGGCAGTGACTATCATGGC-3 ' 

55 CD2-4002 25/- 5 1 - TCHTAAGASCAGTGG^GAAACGGAC- 3 • 

A G 

56 CD2-406O 25/- 5 1 -GATTQA6ACCTTTGATCGTCAACGC-3 1 

57 D2-4214 25/* 5 * -TGACftCX^CCATTAGTGGCTGGAGG-3 ' 

58 B2-4257 34/+ 5 1 -OnTOTrACTGGACGAT^ * 

59 CD2-4323 24/- 5 1 -GG6C7GCTTCCTGATATZTCTGCC-3 1 

C 

60 D2-4497 25/+ 5 ' - CCIVll^GGAAOTGAAQAAACAACGQ - 3 ' 

61 CD2-4557 30/- . 5 • -GCTCX^UVnXXWri'CAGCVlVlXrCCfcTG-a ' 

62 . CD2-4615 25/- 5 ' -CTCCGGCTCC^rCTGAGAQTATCC-3 1 

0 OA 

63 D2-4746 25/+ 5 1 -CCTAATATCAXATGGJU3GAGGCPC30-3 1 

64 D2-4792 25/+ 5 • - GAAGGAGAAGAAGTCCAGGTATTGG - 3 • 

65 CD2-4922 25/- 5 ' -£TGTCGACAATTGGAGATCCTQACG-3 • 

T T 

66 D2-4994 2S/+ 5 ' -GTO0AGGATA3CTGAGTGCTATA6C-3 1 

67 D2-5124 25/+ 5 1 -TCTGACTATGGCCGGAAGCTATCTC- 3 ' 

69 CD2-5272 19/- 5 • - QgATCTCCGSCCGGGTGTG- 3 1 

A 

70 cD2-531B 25/- 5 1 -CIAACTGGTGATftGCA(5CCTCATGG-3 1 

71 CD2-5656 27/- 5 1 -CCTACTGAGTTQTATCACTTTCTTrCC-3 1 

72 CD2-5891 26/- 5 1 -TGGATTTCTTCCTATTCTCCCTCTTC-3 1 

73 D2-5770 25/+ 5 ' -TTCAAGGCTGAGftGGGTTATAGACC-3 1 

74 D2-6152 25/+ 5 ■ -TCTGGTTGGCCTACAGAGTGGCAGC-3 ' 

75 CD2-6252 27/- 5 1 -CCTTCTTTTGTCCAGATTTC£ACTTCC-3 * 

A 
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SBQ. 
ZD 



-ERggB 



y«R/5BN3B 



103 

■ SBOTOTCP. 



76 
77 

78 
79 
80 
81 
82 

83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

93 
94 

95 

96 
97 
98 



99 
100 



D2-6493 
CD2-6605 

CD2-6624 
D2-6748 

CD2-6932 
D2-7055 

CD2-7195 

CD2-7217 
D2-7378 

CD2-7515 
D2-7769 

CD2-7885 
D2-B165 

CD2-8210 
D2-842B 
D2-8440 

CD2-8S29 

D2-B773 
D2-B798 
CD2-8865 

D2-9046 
D2-9131 
CD2-9166 



CD2-9234 
D2-9344 



35/+ 
24/- 

31/- 
25/+ 
21/- 
25/+ 
25/- 

27/- 
25/+ 
19/- 
25/+ 
22/- 
25/+ 
22/- 
28/+ 
25/+ 
22/- 

25/+ 
29/+ 
22/- 

25/+ 
25/+ 
22/- 



30/- 
25/+ 



5 ' - GCX7TACAACCATGCTCTCAGTGAACTGCCGGAGAC- 3 1 

5 • - TTCCGAGGGTGATCTTCCCTAT&C- 3 1 

G 

5 • -OATQCTAGCCGTGATTATCK^aU2\lTCCC-3 • 

5 • -AAACAGAGJACACCCCAAGACAACC- 3 ' 

5 1 - CGGCATACAGCGTCCATGCTG- 3 1 

5 ■ -QTCTOGGGAAAGGATGGCCATTQTC- 3 ■ 

A CTTTTG ° TT ^ Wn ^ 

5 1 - AGGACTA.CATGGGCTCTGTGTGAGG - 3 1 

5 * -GAGAAGTCCAGCTCCGGCC-3 1 

5 • -AGAGAAACATGGTCACACCAaAACG- 3 » 

5 ' - tf Xl C n XXJ l W ' CVlll OTCX^CC- 3 ' 

5 * -GGAAATATGGAGGAGCCTAGTGAGG- 3 1 

5 • -ACCC3VGTACATCTCATGTCTGG-3 ■ 

5 1 -GAGCATGAAACATCATGGCACTATGACC- 3 • 

5 * -TCATGGCACTATGACCAAGACCACC-3 1 

5 • - CAGXCXGA££ACTCCGTTEACC- 3 1 
C A G 

5 1 -AftCGTGAGAftGCAATGCAGCCTT GG - 3 ' 

5 ■ - OGOCCAITVTTCACTGATQAaAACAAGTaO - 3 1 

5 • -ICTTTCCJ^TCAACCAGCTCC- 3 • 
C T 

5 1 -AATGAAGATCACTGGTTCTCCAGAG- 3 » 

5 9 -TQpOCC&TCCTGCXGTSTGATC- 3 • 
A G 

5 1 -GCTAGTTTCTTGTGTTCTCCTTCCATGTGG- 3 1 
5 ' -TCATATCGAGAAGAGACGAAAGAGG- 3 ' 



101 CD2-9429 



24/- 



5 » - ACTCCTTCrcCCTCCATCTCTCTG - 3 1 
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SEQ. 
ID 

fifiU PRmgR 



104 



X02 



110 
111 



CD2-9438 



103 CD2-9468 

104 D2-9645 

105 D2-9656.BAM 

106 CD2-9668 

107 CD2-9779 

108 CD2-9796 

109 CD2-9796.XEA 



CD2-9913 
D2-9937 



112 CD2-9977 

113 CD2-10003 

114 D2-10203 

115 CD2-10261 

116 D2-10289 

117 CD2-10337 

118 D2-10418 

119 D2- 10470 

120 CD2-10530 

121 CD2-10687 

122 CD2-10687.XBA 



123 CD2-10687.X2 



27/^ 

32/- 
25/+ 
45/+ 

28/- 
21/- 

28/- 
44/- 

26/- 
25/+ 
21/- 

25/- 
25/+ 
21/- 

25/- 
23/- 
25/+ 
25/+ 
19/- 

59/- 
59/- 



52/- 



A C 

5 * -GCAGAGOGATTTCTTCTGTGATTGTTAGGTGC- 3 1 

5 * - ACAATGGQAACCriTCAAGAGGATGG - 3 ■ 

5 ' -TTATCACATT/GGMCC/TTCAAGAGGATGGA 
ATGATTGGACACAAO - 3 * 

(5»-Plll/BauaHI/DEK-2 Sequence) 

5 ' - CAGAAGGGCACTTGTGTCCAATCATTCC- 3 1 

5 * -CTCCCTGGG7V&ATTCGGGCTC-3 ' 
T G 

5 ' - CCGTCTCCOGCAAAGACCACCCTOCTCC - 3 » 

5 • -ttatcaccWtctaga/ccgtctccc 

GCAAAGACCACCCTOCTCC-3 • 

5 1 - GTTGGAACCCAATGTGATGGTACTGC- 3 * 

5 1 - ACAAGTCX3AACAACCTGGTCCATAC- 3 * 

5 1 -GCATGTCTTCCGT£GTCATCC- 3 1 
T 

5 ' - CTTQAATCCACACCCTGTTCCAGAC- 3 ' 
5 ' - ATAf^CAGATTACATCCCATCCATG- 3 ' 

T A 
5 » -GAAACAAGGCTAGAAGTCAGGTCGG-3 * 
5 • -GACGGGGCTCACAGGTAGCAIAG-3 1 
5 ' -GCCTGTT^GCTCCACCTGAGAAGGTQ- 3 ' 
5 ' -GGAAGCTGTACGCATGGCGTAGTGG- 3 • 

A 

5 1 - ACWlCCTGTTGATTCAACAGCAOCATTCCATTTrcrG- 3 ' 

5 1 -TTATCACCTA/GCMTGC/TCTAGA/ 

AGAACCTGTTGATTCA^CAGCACCIVTTCCATTITCTG - 3 ' 

<5'-Fill/SphI/XbaI/ 
3* -Bad DEN -2 Sequence) 

5 1 -TTATCACCTA/TCTAOA/ 

GAACCTGTTGATTCAACAGCACCATTCCATT^ 3 1 

(5*-Fill/XbaI/ 
3 1 -End DEN -2 sequence) 
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Abstract 



The potential of RT-PCR lo rapidly diagnose dengue infections from both acute and convales- 
cent phase patients' sera was evaluated. The RNA extraction method involved binding of the viral 
t0 Sll,ca f»«»cles in the presence of high concentration of guanidine thiocyanate The 
protocol that was established was sensitive enough to detect 40 plaque forming units per 100 
microliter of serum and results could be obtained within one day. Results from this study indicate 
that clinical samples should be collected in the early acute phase of illness when anti-dengue 
antibodies were undetectable or of low titres to ensure a more reliable diagnosis. 

Keywords: Dengue diagnosis: Anti-dengue antibody; RT-PCR 



1. Introduction 



Dengue is considered the single mosi important mosquito- borne viral disease of 
humans in terms of morbidity and monality. It occurs in the tropical and sub-tropical 
regions in which vectors, mainly Aedes Me.) aegypti and Ae. albopicrus can be found 
The Jlness caused by dengue viruses (family Flauiviridae) ranges from asymptomatic 
infection to undifferentiated fever, benign dengue fever, and the more severe dengue 
haemorrhagic fever with or without shock. Death from shock can be averred by early 
intervention. 
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Currently, ihc laboratory diagnosis of dengue infection depends upon isolation of 
dengue virus from infected mosquito cell cultures (Tesh. 1979). inoculation of adult 
mosqu.toes (Kuberski and Rosen. 1977) or mosquito larvae (Lam et al.. 1986) and 
detection of ant.-dengue IgM antibodies and/or haemagglutination inhibition (HI) 
antibodies. However. v.rus isolation is tedious and time consuming and the serological 
tests are often not sufficiently specific and sensitive. 

The polymerase chain reaction (PCR) (Saiki et al.. 1985; Mullis and Faloona 1987) 
has the potential for sensitive, specific and rapid detection of minute quantities of 
genetic material ,n patients' serum samples. Using PCR, dengue virus has been detected 
directly ,n patients' sera (Deubel et a).. 1990; Lanciotti et al.. 1992) and in dengue-in- 
fected mosquito cell culture supernatant (Morita et al., 1991). The potential of PCR as a 
rapid and reliable diagnostic tool for dengue infections in serum samples with varyine 
levels of specific antibodies was evaluated in this study. 



2. Materials and methods 
2.1. Dengue virus strains 



Dengue 2 (New Guinea C) and Dengue 3 (sample 03472. isolated from the serum of 
a dengue fever patient) strains were used as reference strains in this study. DEN-2 and 
DEN-3 were selected for evaluation because they were the predominant serotypes during 
oJ? P*"* 1 - 71,6 were confirmed by immunofluorescence (Henchal et al 

1982) using dengue serotype-specific monoclonal antibodies, WRA1R-5-1F1 (anti-de- 
ngue 1) WRAIR-2-3H5 (anti-dengue 2), WRAIR-6-8A1 (anti-dengue 3), and WRAIR- 
4-1H10 (anti-dengue 4) obtained from the Walter Reed Army Institute of Research. 

2.2. Cell culture 

A mosquito cell line from Ae. albopictus clone C6/36 (Igarashi, 1978) was used for 
propagation and isolation of dengue viruses from serum samples. Plaque assay of the 
virus was performed using porcine spleen cell line grown in Leibovin-15 maintenance 
medium at 37°C (Russell and Nisalak, 1967). 

2.3. Serum samples 

Serum samples were obtained from patients with virologically and/or serologically 
confirmed dengue infection. Virological confirmation was by isolation of dengue viruses 
in C6/36 cells or mosquito larvae and serotype identification as described above 
Dengue mfection was serologically diagnosed by demonstration of anti-dengue IgM 
(Lam et al.. 1987) and/or increasing HI antibodies in paired sera (Clarke and Casals. 

The following groups of sera were tested: 

Croup I consisted of 26 virologically positive scrum samples. 

Group 2 consisted of 6 single serum samples from dengue patients with anti-dengue 
IgM and high titres of HI antibodies (at least 1:1280). 
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Croup 3 consisted of 25 paired sera from dengue patients with four-fold or greater 
rise in litres of HI antibodies. 14 as a result of primary infection and 1 1 as a result of 
secondary infection (W.H.O., 1^86). 

Croup 4 consisted of 6 single scrum samples from patients not suspected of dengue 
infection, with no anti-dengue antibodies and no dengue vims detected. 

2.4. Dengue viral RNA extraction 

A protocol modified from that described by Boom et al. (1990), was used to extract 
and purify dengue viral RNA from serum samples. Between 50 and 100 p\ of patient's 
serum was added to a mixture of 30 mI of size-fractionated silica panicles and 200 ptl of 
lysis buffer L6 (8 M guanidine thiocyanatc. 0.1 M Tris-HCl (pH 6.4)), 36 mM EDTA 
(pH 8.0). 0.2% Triton X-100) in a 1.5 ml Eppendorf tube. The mixture was vortexed and 
left at room temperature for 10 min. after which it was centrifuged at 13000 r.p.m. for 
about 30 s to sediment the nucleic acid-silica panicle complexes. The pellet was washed 
once with 200 of washing buffer L2 (10 M guanidine thiocyanatc 0.1 M Tris-HCl 
(pH 6.4) twice with 500 m! of 70% (v/v) ethanol and once with 500 p\ of aceione.The 
pellet was dried at 56°C for 10 min and the nucleic acids eluted with 50 pi I of TE (10 
mM Tris-HCl. 1 mM EDTA) buffer (pH 8.0X also at 56°C for 10 min. The tube was 
centrifuged at 13000 r.p.m. for 2 min to sediment the silica panicles and 14,5 fil of the 
supernatant containing the RNA was used for cDNA synthesis and enzymatic DNA 
amplification. 

2.5. Reverse transcriptase -polymerase chain reaction (RT-PCR) 

The RNA was first heat denatured and reverse transcribed in a final volume of 20 p.\ 
of PCR buffer containing 50 mM KG, 10 mM Tris-HCl (pH 8.0). 2.0 mM MgCK. 0.5 
mM each of the four deoxynucleoside triphosphates. 100 ng random primers. 15 units 
RNasin (Promega) and 5 units AMV RT (Stratagene). The reaction was incubated at 
42°C for 60 min. PCR was carried out using one third of the cDNA. Two separate PCR 
reactions were set up for each sample with 50 pmol each of DEN-2 and DEN-3 serotype 
specific primers that annealed specifically to regions of the envelope protein gene 
sequences of the respective serotypes (Deubel et al., 1990). The reaction volume was 
adjusted to 50 ft\ with the final concentration of deoxynucleotides being 0.2 mM. The 
mixture was heat denatured and quick chilled on ice. Two units of Taq DNA 
polymerase (Stratagene) and 35 p\ of liquid paraffin were added and the DNA amplified 
through 35 cycles of denaturation at 94°C. primer annealing at 55°C and extension at 
72°C for 1 min each. After the last cycle, samples were kept at 72°C for 12 min. 

2.6. Detection of RT-PCR products 

Aji aliquot of 5 mI of the RT-PCR products was analysed by agarose gel elec- 
trophoresis. The size of the RT-PCR products which resulted from the amplification of 
DEN-2 and DEN-3 was 266 bp and 257 bp. respectively. Alkaline transfer of DNA from 
agarose gels under vacuum was then performed. Alternatively, an aliquot of the RT-PCR 
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products was heat denatured a. 95'C for 10 min and then spotted in duplicate onto 
untreated nylon membranes. The membranes were dr.ed and the DNA fixed by UV 
crosslinking for 3 min. Pre hybridization was carried out at 6TC for at least 1 h i in a 
buffer containing 0.3% skim milk. 6 x SSC (sodium chloride-sodium citrate) 0 1% SDS 
(sodium dodecyi sulphate). Overnight hybridization was carried out at 68«C in the same 
buffo containing the freshly denatured digoxigenin-ll-dUTP labelled dengue serorype 
specific cloned probe (Deubel e. al.. 1990) a. a concentration of 100 ng/ml t£ 
membranes were washed and processed according to the procedures described by 
ooennnger Mannheim. ' 



3. Results 



In order to test the sensitivity of the method, known titres of dengue serotype 2 (New 
Guinea C) v.nis were diluted in 100 M ) of pooled normal human serum and RT-PCR 

SSTSSn Vm ' 5 raRgSd fr ° m 300 ' 200 ' i00 ' and 4 P>aque forming 
uniu (PFU) i per reaction tube. A negative control was also included. Agarose gel 
analysis in Fig. 1A shows that at least 40 PFU of DEN-2 (New Guinea C) could be 
detected in 100 M l of serum. As expected, no RT-PCR product corresponding to the 
expected sue was observed in the negative control. To further verify the specificity and 
sensitivity of the method, hybridization using a digoxigenin-labelled DEN-2 probe was 
performed. Hybridization detected 4 PFU per 100 M l of serum (Fig. IB). 

All 26 serum samples from which dengue viruses were isolated (Group 1- 7 DEN-2 
and 19 DEN-3) were correctly identified by RT-PCR and hybridization. These' sera were 





B 

fig. t. Seosiuvny of RT-PCR in the detection of DEN-2 (New Guiou C) vitw i. oomal bun» *nim (A) 
C °^!"* 1 ™ « el O* NuSieve and 1* ^ (B) bybndiz**, with ^nxype specif* 

dooed probe. The oumbe, of DEN-2 W„. panicles (PFU) is iodie*ed above e«* Une. Uoe^ThW 
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Table 1 



Comparison of HI. IgM capture ELISA and RT PCR using acute jnd convalescent pha<e serum 



Sample 


HI 


IgM 


Virus 


RT-PCR 




positive 


positive 


isolation 


positive 


Acuie 


• 


3/25 


10/21 


25/25 


Convalescent 


23/25 


23/25 


0/16 


2/25 


Paired samples arc required to indicate a 


rise in ntrc of diagnostic value 





from patients with dengue fever and collected within 6 days of onset of illness. Twelve 
of these samples had detectable level of HI antibodies of less than 1:80 and anti-dengue 
IgM was also detected in 4 of them. Of the 6 single serum samples (Group 2) with high 
titres of anti-dengue HI and IgM antibodies, only 1 was identified as DEN-3 by 
RT-PCR. No dengue vims was isolated from these 6 samples in cell culture. 

The 6 negative controls (Group 4) were found to be negative by RT-PCR and 
hybridization. 

Twenry-fivc paired serum samples were compared to determine the effect of tunc of 
collection on the outcome of RT-PCR. Ail of these paired samples were found positive 
by the HI test. Sixteen of the acute phase sera were collected within 6 days of onset of 
illness. The day of collection for the remaining samples was not available. All acute 
phase samples had low titres of HI antibodies (less than 1:160). Anti-dengue IgM was 
detected in 3 of the 25 acute phase samples and in 23 of the convalescent phase samples. 
Only 10 of the 21 acute phase samples tested were found positive by virus isolation. 
Dengue viruses were not isolated from the convalescent phase samples. All 25 acute 
phase serum samples were shown to be RT-PCR positive (Table 1). On the other hand. 




Fig. 2. RT-PCR ta the dtuakm of DEN-3 viral RNA w acute and convalescent samples. (A) Agarose gel 
eienro phoresis; (B) Soutbem-btot hybridization, membrane was hybridized with probes specific for DEN-3. 
Lanes: (1) 03024 (a), (2) 03O24 (c>. (3) 01859 (a). (4) 01859 (c>. (5) 03422 (a). (6) 03422 (c>. (7) 02513 (a). 
(8) 02513 (ch (9) 03472. positive control (a): acute phase; (eh convalescent phase. 
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only 2 convalescent phase samples were positive by RT-PCR. Hybridization test, which 
was shown to be ten times more sensitive than agarose ge! analysis, failed to detect any 
dengue-derived amplified DNA in the convalescent phase samples. Agarose gel analysis 
and hybridization of some representative samples are shown in Fig. 2. 



4. Discussion 

RT-PCR was found to be more sensitive than virus isolation, IgM capture ELISA and 
HI tests in the early diagnosis of dengue infection. All of the 26 virologicaily positive 
serum samples were correctly identified by RT-PCR, thus giving a 100% specificity and 
sensitivity correlation with virus isolation results. The 6 negative control sera which 
were negative for dengue infection by vims isolation, anti-dengue IgM t and HI 
antibodies, remained negative by RT-PCR. This shows that the primers used are specific 
only towards the detection of dengue derived cDNA. Of the 25 serologically confirmed 
paired serum samples tested, ail of the acute phase samples from both primary and 
secondary dengue infections were found positive by RT-PCR compared to 12% by IgM 
capture ELISA and 48% by virus isolation. None of the acute phase samples were found 
positive for HI antibodies but with the availability of convalescent phase samples, all 25 
samples showed a four-fold or greater rise in litre needed to be of diagnostic value for a 
recent dengue infection. 

This study indicates that RT-PCR was most useful for diagnosing dengue infection in 
acute phase sera when anti-dengue antibodies were low or undetectable. It appears that 
viraemia declines with the appearance of anti-dengue antibodies. This is consistent with 
observations made by Innis et al. (1989), Gubler ct al. (1979, 1981) and Nogueira et al. 
(1992) that there was an inverse correlation between virus isolation and anti-dengue 
antibodies. Therefore, samples for RT-PCR should be collected in the early phase of 
illness to ensure a more reliable diagnosis. 

Although hybridization was ten times more sensitive, the overall results of RT-PCR 
and analysis using agarose gel electrophoresis compared favourably with hybridization. 
Since the detection limit of 400 PFU per ml is well below previously reported virus 
titres in serum of infected humans, that is between 10* and 10 6 human infectious doses 
of virus per ml (Sabin, 1952: Gubler et al., 1978), this RT-PCR method should be 
sensitive enough to detect dengue vims in viraemic serum samples. 

RT-PCR can play a role in diagnosing dengue infection in cases where the cunent 
laboratory tests fail to give conclusive results or when a rapid test is needed to confirm 
the clinician's diagnosis to enable better patient management. It is also potentially useful 
in determining the predominant serotype for the season. This can serve as an indication 
of disease severity since certain serotypes arc associated with more severe clinical 
disease (Lam and George. 1991). In addition, this technique will now be applied to the 
examination of peripheral blood leukocytes obtained from dengue-infected patients, and 
the results compared to serum samples from both the acute and convalescent phases. 
This approach may be especially valuable in diagnosing dengue at a later stage of the 
infection. 
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The prognosis of individuals infected with 
HIV-t is variable. In adults, the average 
time between infection and development of 
AIDS is 10 to 11 years ( i ), but a significant 
proportion of individuals (-20%) progress. 
« rapidly to AIDS within 5 years of inac- 
tion (2). At the other extreme, it is esti- 
mated that 12% of infected individuals will 
remain free of AIDS for 20 years (2). 

Many clinical and laboratory markers 
have been used to estimate prognosis in 
HIV-1 infection (3). Although the single 
best predictor of AIDS onset charactented 
to date is the percentage or absolute num. 
ber of circulating CDT T cells (4). a mark- 
er that could be used to assess risk before 
substantial immune destruction has oc- 
curred would be preferable. Recent interest 
has focused on measurement of HIV-1 
RNA in cells or plasma for prediction of 
outcome (5, 6). Previous ^j" t h ^ A sug ' 
gested that the amount of HIV-1 RNA in 
plasma soon after HIV-l infection (sero- 
conversion) is a good CD4* T eel 1-inde- 
pendent predictor of AIDS risk (7). In clin- 
ical settings, however, the date and dura- 
tion of HIV-1 infection are usually not 
known. We have now investigated the 
prognostic value of plasma HIV-1 1 RNA 
measurements in a large cohort of HIV-1- 
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infected men for whom the duration of 
infection at study entry was not knowtv 

The study population consisted of 209 
HIV-1-infected gay or bisexual men en- 
rolled in the Pittsburgh portion of the Mul- 
ricenter AIDS Cohort Study (MACS) be- 
tween April 1984 and March 1985 (8, 9). 
These 209 men constitute all of the HIV- 
1 -seropositive men enrolled at the Pitts- 
burgh site; thus, there was no selection bias 
in choosing the study population. Clinical 
status, CD4" T cell counts (10. li). and 
specimens for laboratory studies were ob- 
tained at study entry (baseline) and at fol- 
low-up visits every 6 months. Hepanniied 
plasma samples for HIV-1 RNA quantifica- 
tion were processed within 2 to 20 hours of 
collection and stored at -70°C until test- 
ing (12). Samples from 180 (66%) of the 
209 men were available for testing. HIV- 1 
RNA was measured with an ultrasensitive 
branched-DNA signal amplification assay, 
which has a quantification limit of 500 
molecules/ml and a linear dynamic range of 
up to 1-6 X 10 6 molecules/ml (13, 14). 

Subjects were followed for progression to 
AIDS (1987 Centers for Disease Control 
definition) and death. Median follow-up 
was 5.6 years (range. 0.02 to 10.6 years) for 
those who developed AIDS, and 10.6 years 
(range. 3 2 to 11.2 years) for those who 
remained free of AIDS. None of the subjects 
had received antiretroviral therapy by study 
entry or by the 6- month follow-up visit, and 
only 74 (41%) received antiretroviral ther- 
apy at any time during follow-up. 

HIV-1 RNA concentrations in plasma 
samples obtained at study entry (baseline) 
were normally distributed over a range of 
<500 to 294,200 molecules/ml (Fig. 1A). 
In only 11 (6.1%) of 180 samples were 
Kwline HIV-1 RNA concentrations below 



, among individuals with 400 to 300 
CD4* T cells/u,l. there was an -400-fold 
range in HIV- 1 RNA concentrations 
(<500to 192, 2QC molecules/ml). Thus, the 
CD4* T cell count in a subject within jnv 
CD4" T cell range was a grossly inaccurate 
indicator of the level of viremia. 

The relations between baseline viral 
load or baseline CD4* T cell count and 
progression to AIDS or death were exam- 
ined with Kaplan-Meier survival curves 
(15). Kaplan-Meier estimates of the propor- 
tion of subjects who progressed to either 
AIDS or death, stratified by quartiles ac- 
cording to baseline HIV- 1 RNA concentra- 
tions or CD4~ T cell counts, revealed that 
baseline viral load provided excellent dis- 
crimination of both time to AIDS and time 
to death (Mantel-Haenszel test. P < 0.001) 
(Fig. 2). For quartiles ranging from the low- 
est through the highest viral load, the pro- 
portion of subjects who progressed to AIDS 
by S years after study entry were 8. 26. 49. 
and 62%. respectively (Fig. 2A). The me- 
dian times to development ot AIDS for 
subjects in these viral load quartiles were 
> 10, 7.7, 5.3, and 3.5 years, respectively. 

Because death from AIDS was observed 
a median of 15 months after AIDS diagno- 
sis, the Kaplan-Meier estimates of time to 
death were greater than those for the time 
to AIDS. For quartiles ranging from the 
lowest through the highest viral load, the 
proportions of subjects who died within 5 
years were 5, 10. 25. and 49%, respectively 
(Fig. 2B). The median estimated survival 
times in these viral load quartiles were > 10. 
9.5. 7.4. and 5.1 years, respectively. In con- 
trast to the close relation between baseline 
viral load and outcome, baseline CD4* T 
cell counts failed to show a strong gradient 
among quartiles for risk of AIDS or death. 
Among the three quartiles with the highest 
CD4* T cell counts, no differences were 
observed for either time to development of 
AIDS (Fig. 2C) or time to death (Fig. 2D). 
Only the quartile of subjects with the low- 
est CD4 * T cell counts ( < 3 2 1 cells/u.1 ) was 
associated with a shorter time to develop- 
ment of AIDS of death (P - 0.002). 

Additional evidence of the independence 
of viral load from CD4* T cell counts in 
influencing prognosis is shown in Fig. 3 
Among subjects with baseline CD4~ T cell 
counts of ^500 cells/u.1, there was a signifi- 
cant difference (P < 0.001) in time to death 
dependent on whether the baseline HIV-1 
RNA concentration was greater than or less 
than the median value of 10,190 molecules/ 
ml (Fig. 3A). The median time to death of 
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-,0-o had d.ed *..h.n 10 years. Th^|0 A 
o.f.erencc .n outcome »■» evdcn, d«p..e^l 
£ to «»* median CD* T cell count 
fa, N, th groups *as -780 "IW^m.la W 
,mong sub,ects with baseline CD4 T cell 
counts of <500«IW|»I. awgnitamly (P < 
OOon shorter survival time was ev.dent 

concentration greater than the median value 
1 1 7 320 molecules/ml), again despite similar 
haseiine COT T cell counts (Fig. 3B). 

To assess whether two "nsecutive 
measurements of viral load or CD4 T cell 
counts provided more prognostic informa- 
tion than did single determinations, we 
compared the mean results of the first two 
tcudy samples (obtained at study entry and 
the 6-month follow-up visit) and ranked 
chem by quartile (Fig. 4). Outcome dis- 
crimination was not improved by stratify- 
,ng survival curves according to mean 
CD4* T cell counts (Fig. 4B). as com- 
oared to single baseline CD4* T cell 
counts (Fig- 2D). In contrast, a clearer 
reparation was obtained when survival 
curves were stratified according to mean 
HIV-1 RNA concentrations (Fig. 4A), as 
compared with single baseline HIV- 1 
RNA values (Fig. 2B). Among subjects in 
the highest viral load quartile, a shorter 
time to death was evident with mean 
HIV-1 RNA measurements (median sur- 
vival, 3.9 years) than with single baseline 
HIV-1 RNA measurements (median sur- 
vival. 5.1 years). These results indicate a 
poorer prognosis for subjects with persis- 
tently high viral load. 

The prognosis for subjects with persis- 
tently high viral load was explored further 
by excluding from the analysis those sub- 
jects in whom HIV- 1 RNA concentrations 



IJecreased by >80% from baseline values by 
the 18- or 24-month follow-up visit (Fig. 4, 
C and D). These subjects (n = 29) were 
considered to be in the recovery phase of 
initial HIV- 1 infection at study entry be- 
cause viral load had not yet fallen to a 
post-serconversion nadir. Among subjects 
in the highest viral load quartile, this anal- 
ysis reduced the estimated proportion with 
10-year survival from 20 to ^5% and re- 
duced the median survival time from 5.1 to 
2.5 years (Figs. 2B and 4C). In contrast, 
exclusion of these 29 subjects had no effect 
on survival when stratified by baseline 
CD4" T cell counts (Fig. 4D). These results 
provide additional evidence that persistent- 
ly high viral load is almost always associated 
with more rapid disease progression. 

The independent effects of CD4* T cell 
count and viral load on survival were for- 
mally examined with Cox proportional haz- 
ard models (Table \) (J6). The adjusted 
relative hazard of death was 1 55 (P < 
0.001) for each threefold increase in base- 
line HIV-1 RNA concentration, and 1. 03 
( P > 0.05) for each decrease of 100 ceiis/u,i 
in CD4* T cell count. The unadjusted rel- 
ative hazard (1.06) associated with a 100- 
cell decrease in CD4* T cell count was 
statistically significant (P < 0.05), but it 
failed to remain so after controlling for 
HIV- 1 RNA concentration. Hence, in 
comparing two individuals whose T cell 
counts differ by 100 cells/uJ at baseline, 
these results indicate that the individual 
with a threefold higher HIV-l RNA con- 
centration faces a 1.5-fold greater risk of 
death within 10 years. The risk of death was 
assessed as a function of changes over time 
in both viral load and CD4* T cell count 
with time-dependent Cox proportional ha:- 



analysis (Table I). Consistent with the 
^^j-fixed analysis, the time-dependent 
analysis showed the adjusted relative hazard 
of death was 1.57 (P < 0.001) for each 
threefold increase m HIV- 1 RNA concen- 
tration from the baseline value. In this in- 
stance, however, the relative hazard of 
death associated with a 100-cell decrease in 
CD4* T cell count from baseline remained 
statistically significant even after control- 
ling for HIV-1 RNA values, albeit at a 
lower hazard (1 .33). 

Because the follow-up of subjects in our 
study was longer than that for any previ- 
ous study of viral load, an analysis of long- 
term outcome of HIV-i infection was pos- 
sible. Such analysis showed a marked gra- 
dient of risk of disease progression and 
death that was directly related to the ini- 
tial quantity of virus in plasma. Our ob- 
servation that this risk gradient was still 
evident 10 years after the baseline deter- 
mination emphasizes the critical influence 
of viral load on the course of HIV-1 in- 
fection. The Kaplan-Meier survival curves 
stratified by HIV-1 RNA quartile (Figs 7 
and 4) show prognostic discrimination 
similar to that of surgical staging proce- 
dures for cancer, including traditional 
staging systems for Hodgkin's disease (17) 
and the Duke classification for colorectal 
carcinoma (18), both of which are hased 
on anatomic and pathological assessments 
of the extent of cancer invasion and 
spread. For HIV-1 infection, a similar de- 
gree of prognostic discrimination can be 
determined with a simple test on plasma. 

Initial cross-sectional analyses of HIV- 
l -infected individuals showed a direct re- 
lation between the extent of immunodefi- 
ciency and viral load, measured as infec- 



Fig. 1. (left) (A) Frequency 
distribution of Hl\M RNA 
concentrations (tog* scale) 
m baseline plasma sam- 
ples. Arrows indicate loca- 
tion of 25tn. 50th. and 75th 
percentiles. (B) Relation 
between baseline CD4* T 
cefl counts and plasma 
HIV-1 RNA concentration 
too* scale). The linear re- 
gression tine « shown 
(Spearman's r ■ -0.27: P 
< 0.001). Fig. 2. 
; right) Relations between 
baseline markers and 
prognosis. Kaplan-Meier 
curves for AIDS free surviv- 
al (A) and survival iB) strati- 
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i:cus virus or viral nucleic acid {/$ 
ies or HIV. I seroconverters estat 
thai the pattern of viremia after initial 
infection was predictive of clinical out- 
come (7). Individuals with persistently 
high viremia after seroconversion were at 
markedly increased risk of AIDS develop- 
ment (7). Saksela et ai (5) showed that 
the amount of intracellular HIV-I mRNA 
m peripheral Hood mononuclear cells of 
5eroprevalent HI V- 1 -infected men pre- 
dicted the likelihood of progression to 
AIDS even in individuals with >600 
CD4* T cells/u.1. Our study confirms and 
extends these observations by examining 
the risk of AIDS and death associated with 
the level of plasma viremia over a 10-year 
period. 

In clinical practice, a CD4* T cell 
count of <500 cells/u.1 is commonly used 
as a trigger to initiate antiretroviral ther- 
apy. This practice requires revaluation in 
light of our observations that subjects with 
CD4" T cell counts of ^500 cells/u,l can 
progress as rapidly to AIDS and death as 
those with much lower counts, depending 
on the extent of viremia. Specifically, 
50% of individuals in our study with 3:500 
CD4* T cells/u.1 (median, 780 cells/u.1) 
and > 10.900 HIV-1 RNA molecules/ml 



led within 6 vears of study entry, com 
pared with only 5% wirh similar CD4" T 
cell counts and HIV-I RNA concentra- 
tions of S 10.900 molecules/ml. Indeed, 
the rate of disease progression in subjects 
with >500 CD4* T cells/u.1 may exceed 
that in subjects with <500 cells/u.1 de- 
pending on the plasma viral load. Thus, 
treatment strategies should not be based 
solely on CD4"" T cell numbers. 

Studies by Wei ex al. (20) and Ho et al, 
(21) have shown that viremia in HIV- 1 
infection is sustained by rapid, high-level 
viral replication, requiring continuous rem- 
fection and destruction of CD4* T cells. 
Further kinetic analyses (22) indicate that 
the rate constant of viral clearance does not 
vary according to disease stage; thus, the 
extent of viremia depends on the rate of 
virus production. The factors that influence 
virus production in an individual are ill 
defined, but our study shows that a higher 



^ B of viremta — .ind. by inference, greater 
virus production — is associated with a poor- 
er prognosis. Higher virus production may 
result in more rnpid exhaustion of the ca- 
pacity of the immune system to replenish 
CD4* T cells. 

Several recent studies have examined 
whether reductions in viral load, measured 
as HIV-1 RNA. in response to antiretrovi- 
ral therapy correlate with delayed disease 
progression to AIDS and death. O'Brien et 
ai (23) have shown that reductions in plas- 
ma HIV-I RNA concentration in response 
to zidovudine treatment account for a sub- 
stantial portion (59%) of the benefit of this 
drug in delaying the onset of AIDS. A 
decrease in HIV-1 RNA was a better pre- 
dictor of outcome than was an increase in 
the CD4* T cell count. Two other studies 
of combination drug therapy have also dem- 
onstrated that 0.5 to 1.0 log J0 reductions in 
HIV-1 RNA in response ro treatment cor- 



Table 1. Time- fixed and time-dependent Cox proportional hazards models of survival. Each analysis 
shows the relative risk of death associated wiih a i -unit change m tne covariates (a threefold increase in 
HIV- 1 RNA concentration and a decrease of 100 cetis/pJ in CD4* T cell count). The time-fixed covanate 
model uses only the baseline marker measurements (n = 180). The time-dependent covanate model 
uses afl available manner measurements (total number of measurements. 984; average number of 
measurements per subject. 5.5). 

Relative hazard of death (95% confidence intervals) 
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Time-fixed covariates 



Time-dependent covariates 
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Fig. 3. independence ot the relation between 
prognosis and baseline HIV-1 RNA ot the base- 
: ne CD4* T cell count. Kaplan- Meier survival 
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Fig. 4. (A and B) Kaptan- 
Meter survivai curves 
stratified by quart iles of 
the mean of the first two 
HIV-1 RNA measure- 
ments (molecules per 
mtfliBter) (A) or CD4* T 
celt counts (cells per mi- 
croliter) (B). Survival time 
for each of the 1 72 sub- 
jects for whom two con- 
secutive samples were 
available was calculated 
from the number of 
years from the midpoint 
between the two viral 
measurements and the 
time of death. (C and D) 
Survival curves exclud- 
ing subjects w-tn a 
>80% decrease «n 
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relate with delayed dis « se progress.o^ 
death (24). t , . 

Culleciivcly. these data mdicace chat the 
extent of viremia, measured as HIV- 1 KN/\. 
is the best available surrogate marker of 
HIV. I disease progression. Several of the 
rational criteria for demonstrating the ade- 
quacy of a surrogate marker as put forward by 
DeCnmola et ai. (25) appear to have been 
met: (») Base-line H1V-1 RNA concentra- 
cons arc highly predictive of prognosis. («.) 
There is a strong time-dependent prognostic 
relation between H1V-1 RNA and outcome 
And (in) reduced concentrations of HIV-1 
RNA, in response to antiretroviral therapy, 
are predictive of improved prognosis (24). 
Use of HIV-1 RNA as a surrogate marker 
should help guide future therapeutic research 
and individual patient management. 
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Abstract 

In order to delect and type dengue viruses in serum specimens, four type-specific downstream 
primers were designed for use with a consensus upstream primer in a reverse transcription and 
polvmerase chain reaction (RT-PCR) assay. RT-PCR using these five primers amplified NS3 gene 
fragments of diagnostic sizes of 169, 362, 265 and 426 base pairs for dengue virus types 1. 2, 3 
and 4, respectively, but not for Japanese encephalitis, Kunjin and yellow fever viruses. The 
conventional two-step RT-PCR procedure was simplified by combining RT and PCR in a 
single-step format with a "hot start". This RT-PCR protocol was applied successfully to dengue 
vims-spiked scrum and dengue patient serum samples, and could detect as few as one PFU of 
dengue virus. This assay offers a rapid, specific and sensitive molecular technique for the 
simultaneous detection and typing of dengue viruses. 

Keywords: Dengue virus; Typing; Single-step RT-PCR; NS3 gene 



1. Introduction 

Dengue viruses are divided into four distinct serotypes (1-4) and are members of the 
family Flaviviridae. Their genomes consist of positive -sense RNA molecules of approx. 
1 1 kb. They arc arthropod-borne viruses and are transmitted between humans principally 
by the mosquito vector, Aedes aegypti. Infection can give rise to a wide spectrum of 
disease manifestations ranging from a mild, self-limiting febnlc illness to more severe 
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vascular and haemostatic abnormalities known as dengue haemorrhagic fever-dengue 
shock syndrome (World Health Organization. 1986). 

Routine laboratory diagnosis often involves the detection of antibodies against 
dengue virus by :he haemagglutination inhibition (HI) assay or IgM EL1SA. These 
assays are neither rapid nor easy to manipulate, and they do not identify the serotype 
responsible for the infection owing to the high cross-seroreactivity between dengue 
viruses. The conventional method to determine the infecting serotype is by virus 
isolation in cell culture or mosquito, followed by immunofluorescenl staining with 
dengue type-specific monoclonal antibodies. However, virus isolation takes from days to 
weeks and the success rate is often low because of factors such as inappropriate 
handling of specimens, formation of virus-antibody complexes and low numbers of 
viable virus (Monath. 1990). 

The polymerase chain reaction (PCR) technique has been widely applied for the 
detection of many infectious disease agents including dengue viruses. Assays reported 
by other laboratories have utilized either four specific primer pairs, or a pair of 
consensus primers for a first round of amplification followed further by either hybridiza- 
t ; on w ; { v, rypc . specific probes or nested PCR with type-specific primer* for identifica- 
tion of the infecting dengue serotype (Deubel et al., 1990: Henchal et al., 1991; Morita 
et al., 1991; Lanciotti et al.. 1992; Tanaka, 1993). We have devised a rapid and simple 
five-primer reverse iranscription-polymerase chain reaction (RT-PCR) assay foT the 
simultaneous detection and typing of dengue virus infections. Using a previously 
published consensus upstream primer (Chow et al., 1993) together with four newly 
designed type-specific downstream primers (ail within the NS3 gene) in a single-step 
RT-PCR assay, a band of diagnostic size was amplified for each serotype. 



2. Materials and methods 

2. /. Virus strains 

Dengue type I (Hawaii and S275/90), type 2 (New Guinea C). type 3 (H87), and 
type 4 (H241), Japanese encephalitis (Nakayama), Kunjin (MRM61C) and yellow fever 
(17D vaccine) viruses were used in this study. Viruses were propagated either in the 
C6/36 mosquito cell line maintained with Eagle s minimum essential medium (MEM) 
supplemented with 2% foetal calf serum and 0.1% BSA, or in Vero cells maintained 
with MEM supplemented with 0.1% BSA. 

2.2. RNA extraction procedures 

Virions were concentrated from infected tissue culture fluid with 7% polyethylene 
glycol 8000 in the presence of 2.3% NaCI. and centrifuged through a 30% sucrose 
cushion. RNA was isolated from the virions by phenol /chloroform extraction followed 
by ethanol precipitation. 

Extraction of total cytoplasmic RNA was performed according to Gough (1988). 
Virus-infected or uninfected cultured cells were harvested and rcsuspended in 10 mM 
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Tris-HCI pH 7.5. 0.15 M NaCI. 1.5 mM MgCI : and 0.65^ NP-40. After centrifugation, 
an equal volume of 7 M urea, 1% SDS, 0.35 M NaCI. 10 mM EDTA and 10 mM 
Tris-HCI pH 7.5 was added to the supernatant. This was followed by phenol /chloro- 
form extraction and ethanol precipitation. 

Two methods for preparing templates from pooled human serum samples (negative 
for dengue antibodies by HI and IgM ELISA) spiked with a known quantity of dengue 
virus were compared. In the modified method of Chungue et al. (1993), 4 /xl of 
acid-washed, size-fractionated silica and 100 p\ of buffer containing 4 M guanidine 
isothiocyanate, 40 mM Tris-HCI pH 6.4, 17 mM EDTA pH 8 0 and \% Triton X-100 
were added to 10 jxl of spiked human serum. The suspension was vortexed briefly, 
allowed to stand at room temperature for 10 min, vortexed again and pelleted by 
centrifugation. The silica pellet was washed twice in 100 /il oi washing buffer (50% 
ethanol, 10 mM Tris-HCI pH 7.4, 1 mM EDTA. 50 mM NaCl) and finally in 100 *\ of 
water. The pellet was rcsuspended in 20 fi\ of water containing 25 U of RNase inhibitor 
and incubated at 56°C for 10 min and the supernatant added to 30 p\ of RT-PCR mix. 
The other method used was modified from Morita et a). (1991). 5 pi\ of spiked human 
serum was mixed with 5 jil of detergent mix (containing 1% NP-40. 50 U RNase 
inhibitor), incubated at room temperature for 1 min and added to 40 pi of RT-PCR mix. 

2. J. Clinical serum samples 

A retrospective study was earned out on acute sera from 13 dengue patients 
confirmed by virus isolation. The sera had been stored frozen at - 20°C for 2-6 months. 
Convalescent sera were available for four patients and they were classified as one 
primary and three secondary infections by HI tests. RNAs were extracted by the 
modified method of Chungue et al. (1993) and subjected to RT-PCR. Concurrently, 
virus reisolation was attempted from the sera by inoculation into C6/36 cells followed 
by immunofluorescent staining with monoclonal antibodies. 

2 A, Oligonucleotide primers 

Nucleotide sequences of the NS3 region flanked by consensus primers DV1 and DV3 
(Chow et al., 1993) of dengue virus .type I (Fu et al., 1992), type 2 (Deubcl et al.. 1988: 
Hahn et al., 1988; Irie et al., 1989: Blok et al.. 1992). type 3 (Osatomi and Sumiyoshi. 
1990) and type 4 (Mackow et al., 1987) and Japanese encephalitis virus (Sumiyoshi et 
al.. 1987: Aihara et aJ. t 1991) were aligned and compared using the DNASIS (eighth 
version) software programme (Hitachi, USA). Regions demonstrating maximal intra- 
serotype homology and minimal homology against the genomes of the other dengue 
virus types and other fiaviviruses were searched. Four type-specific downstream primers 
wnh similar melting temperatures were designed, generating a characteristically sized 
product for each dengue virus type after amplification with the consensus upstream 
primer DV1 (Table 1). These oligonucleotides were synthesized chemically and purified 
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primers 
Primer 


Sequence 


Nucleotide position 


T\jrgei band siies 
ibp) 


(and orientation) 






DVll * ) 
DSP) <-> 
DSP2 ( - 1 
DSP3(-) 
DSP4 < - ) 


? .GGHACKTCAOGWTCTCC-J 

5' • aGTTTCTTTTCCT AAAC ACCTCG ■ J 

V.CCCGTGTGCTCRCCYCTCAT.J 

5* -TTAG AGTVCTTAAGCGTCTCTTG * J 

5 CCTGGTTG ATG ACAAAAGTCTTG-7 


5067-5045 
5279-5260 
5H4-5152 
5342-5320 


16Q 
362 
2b5 
426 



K. G/T. R. A/G; W. A/T: Y. C/T 



2.5. RT-PCR conditions 

A conventional two-step RT-PCR was performed in which RT using the four 
downstream primers was followed by inactivation of reverse transcriptase and by PCR 
incornoratine the upstream consensus primer DV1. 

Various RT-PCR parameters were examined individually for a simplified RT-PCK 
protocol combining RT and PCR .n the same tube. I ng of purified dengue vuil ^RNA 
was added in a final volume of 50 ^1 contaming 1 x PCR buffer w.th 1.5-3.0 mM 
MeCI 0 15 uM each of the four downstream primers and the upstream primer, V.l 
mM of each dNTP, 10 U RNase inhibitor and 25 U MMLV reverse transcriptase and 
0 1-0.5 U of Super Tag polymerase (HT Biotechnology, UK). RT was earned out at 42. 
46 50 55 or 60°C for 15 min. This was followed by an initial denaturation at 95 C for 1 
mm and 30 or 35 PCR cvcles of denaturation at 95'C for 0.5 min. annealing at 50. 55. 
60 or 65X for 0.5 or 1 min and extension a, 72'C for 0.5 or 1 min. with or without a 
fixed ramp time of 0.5 or I min between each segment. Th,s comb '^ JT^ 
protocol was also tested using the "hot-start" technique whereby the RT- PCR ma 
(except the five primers) was pre-hea.ed to 55°C for 2 min. The five primers which were 
pre-added in the tube lid were then added to the mix by a quick centnfugat.on. 

2.6. Evaluation of RT-PCR specificity and sensitk uy 

The specified of the assay was determined using the optimized RT-PCR protocol for 
0.1 or 1 MB of'total cellular RNA of uninfected and dengue. Japanese encephalitis. 
Kuniin and yellow fever virus-infected C6/36 cells. 

The sensitivity of the RT-PCR assay for each dengue virus type was determined 
using p. que..i.ra«ed dengue vrus type 1. 2 and 4 viruses, while dengue type 3 v,n* was 
uuated by median tissue culture infective dose (TCID*). Plaque titration was permed 

V fo cells in M199 growth medium supplemented with 5% PCS. and over aid with 
carboxymethylcellulose overlav medium (Gould and Clegg. 1985; Morens e. al. 1985). 

C^rlf dengue 3 Jirus-infec.ed C6/36 cells was performed as descr.bed by 
Mi oM lST«i moo.ficat.ons. and the TC.D W endpoin, ca.cu.ated according to 
Karber (1931) 10 M l of 10-fold serial dilutions of vms in tissue culture fluid were 
S«d w ,h an equS volume of 1% NP-40 containing 25 U of RNase inhibitor and 



CLK Seah et al. /Journal of Vtroioycat Methods 51 H9Q5I M-200 197 

incubated at room temperature for 1 min (Monta et ah. 1991). RT-PCR was then 
performed in a 50 /xl volume under optimized conditions. 

2.Z Analysis of PCR products 

10 or 20 fi\ of each amplified product were electrophoresed on a 2% agarose gel in 
1 < TBE buffer containing 0.5 Mg/ml cthidium bromide. The amplified bands were 
directly sequenced using the corresponding specific downstream primer as sequencing 
primer as previously described (Chow et al., 1993). 



3. Results aod discussion 

3.1. RT-PCR analysis 

The RT-PCR conditions were initially studied using 1 ng of purified viral RNA of 
each dengue serotype. It was found that the optimized RT-PCR conditions were 
1 < PCR buffer with 1.5 mM MgCl 2 , 0.15 u,M of each primer, 0.2 mM of each dNTP, 
25 U of reverse transcriptase and 0.5 U of Taq polymerase subjected to RT at 50°C for 
15 min followed by an initial denaturation of 95°C for 1 min, 10 PCR cycles of 95°C for 
0.5 min, 50°C for I min and 72°C for 1 min with a ramp time of 1 min, and 20 or 25 
PCR cycles of 95°C for 0.5 min, 50°C for 0.5 min and 72°C for 0.5 min with a ramp 
time of 0.5 min. Amplification using the one-step RT-PCR with " hot-start' ' was found 
to be of comparable sensitivity and improved specificity compared to the conventional 
two-step RT-PCR protocol. Furthermore, this single-step RT-PCR protocol obviates the 
need to open the tube to add PCR mix to the RT mix, thereby avoiding potential 
cross-contamination of samples. 

Target bands of expected sizes were amplified by RT-PCR of each of the four dengue 
virus types (Fig. 1, lanes 1-4). No target bands were obtained for Japanese encephalitis, 
Kunjin, yellow fever viruses and uninfected C6/36 cells (Fig. 1, lanes 5-8) indicating 
the specificity of this assay for dengue viruses and the absence of cross-reactivity with 
related flaviviruses. 

DNA sequences of PCR products of dengue viruses obtained by direct sequencing 
using the corresponding specific downstream primers concurred with the published 
sequences, thereby confirming the authenticity of each of the target bands. 

The sensitivity of the RT-PCR assay was 3.0 plaque- forming units (PFU). 1.4 PFU. 
0.1 TClDso and 3.5 PFU for dengue virus types 1, 2, 3 and 4, respectively (Fig. 2. lanes 
1-12). TClDso-titrated dengue 3 virus was used in this study as this strain did not yield 
high plaque litres. 

3.2. Application to virus-spiked and actual clinical serum samples 

Using human serum spiked with dengue 2 virus, rwo methods of template preparation 
for RT-PCR were assessed. The method described by Monta et al. (1991) which 
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Fi« i Specif* i,pif* of dengue viruses b, single-s.ep "T-PCR of cytoplasmic RNA, of virus- infected and 
If c«d Co/3 c Hs Agar£ gel electrophoresis of RT-PCR prtrfucu demonstrating di agnosuc unp «m 
o 9 bp. 362 bp. 265 bplnd «6 bp for dengue virus types 1. 2. 3 and 4. 

absent tor Japanese er.ceph.lmi. Kunjin. ye.to- fever vruse, and non-mfected C6/36 cell* (lanes 5-8). 
illustrating good specificity. M is a 123 bp ladder size marker. 

«n<itivitv i e 1 4 x 10 3 PFU was undetectable (data not shown). However, the method 
of Chungue e« al. ( 1 993) achieved a far higher sensitivity of 14.2 PFU of dengue 2 virus 
<Fig. 2. lanes 13-15). Although the method of Morita et al. involves minimal handling 



M 1 2 3 4 56 7 8 9 101112 M 131415 M 



PFU o" dengue vrus type 2 (lanes 13-15). M is a 123 bp ladder marker. 
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of the serum and saves lime and cost, its low sensitivity may be due to the presence of 
inhibitors of both reverse transcriptase and Toq polymerase in the serum. Wh.le the 
method of Chungue et al. requires more manipulations, it has a higher sensitivtty 
orobably due to the removal of non-specific inhibitors in the serum. The latter .s thus a 
method of choice particularly in cases of low vuaemia where high sensmv.ty 'srequ.reoV 

Re-isolation of dengue virus from the 13 serum samples was unsuccessful. Th.s could 
be due to inactivation of the vims resulting from prolonged storage of the sera for 
several months at -20'C and their repeated freeze-thawing before the study. Notwith- 
standing this, five out of the 13 sera were positive by RT-PCR. Tnese five sera included 
two out of the three sera from patients with secondary infections and one serum sample 
from a patient with a primary infection. Of the five positive sera, four were .denl.f.ed as 
dengue 2 virus and one as dengue 3 virus, in complete concordance w.th the mm* I virus 
isolation and immunofluorescence data. Compared with vims re .so ation. RT-PCR was 
therefore exquisitely more sensitive and could even detect non-v.able viruses present m 
the more viraemic serum specimens. 

Dengue virus infections are becoming an increasingly important interna tonal health 
problem with explosive outbreaks occurring in many parts of the world. A rap* 
sensitive and specific tool for both diagnostic and epidemiological purposes is therefore 
needed. Although o.her researchers have reported PCR detection of dengue viruses using 
^ specific primers, our single-step, five-primer RT-PCR-based assay for the simu. a- 
ne?us?e«ection and typing of dengue vims infections is rapid, requires fewer mampula- 
uons and yet exhibits similar high sensitivity and specificity. Work ,s underway to apply 
this RT-PCR assay for studying more serum samples and as well as mosquito vectors, in 
parallel with established routine laboratory techniques. 

Acknowledgements 

The authors thank Dr S. Doraisingham and Ms U Jic for their kind assistance^ ^TOs 
work was funded by National University of Singapore research grants RP 910438 and 
RP 930337. CL.K. Seah is an NUS Research Scholar. 

References 

. . c o^r Yb.YX.LccT Wataaabc. K.. Komiya, T . Sumiyoshi. H.. Hashimoto. H. .nd Nomoto. 

Ajha/a, S-. Rao. Yo, Y.X., Lee. i w * u "*~' ' { Japanesc encephalitis v.ms dunng the 

A. (1991) ldcmificatio« of muiauom that occunxd on the genome oi jap*n«« y 
attenuation prow* Vina Gc oca 5, 95- 109. . , » c Aaskov J C. 

nink I MeW.lliam.SM Buikr. H.C. Gibba. A J.. Weiller. G.« Hemng. B.L. Hemslcy, A.C.. Aaskov. j.c.. 
YoksII S Z^X^^ N. (1992) Companson of a denguc2 «d .« cMc vaccme 

• ..,. v -i !! vnr'iv.nr>Kmffav chain 'faction I Med V.rol 40. W2-145. 



200 CL K Seah et at /Journal of Vtrohftcal Methods 51 <1W) I93~:00 

the non-structural proteins of dengue type 2 virus. Jamaica genotype: comparative analysts of the 

full-length genome. Virology 165. 234-244. 
Dcubcl, V., Laille, M.. Hugnoi. J.P.. Chungue. E.. Gucsdon. J L. Drouet. M.T.. Bassoi. S. and Chevner. D 

( 1990) Identification of dengue sequences by genomic amplification: rapid diagnosis of dengue virus 

serotypes in peripheral blood. J. Virol. Methods 30. 41-54. 
Fu. }., Tan. B.H.. Yap. E H., Chan. YC and Tan, Y.H. 11992) Full-length cDNA sequence of dengue type 1 

virus (Singapore strain S275/90). Virology 188. 953-958. 
Cough. N.M. (1988) Rapid and quantitative preparation of cytoplasmic RNA from small numbers of cells. 

Anal Biochem. 173. 93-95. 
Gould. E A. and Clegg, J C S (1985) Growth, titration and purification of togaviruses. In: B.WJ. Many (Ed.). 

Virology. A Practical Approach. IRL Press. Oxford, pp. 43-78. 
Hahn. Y.S., Galler. R., Hunkapiller, T.. Dalrymple. J.M., Strauss. J.H. and Strauss. E.G. (1988) Nucleotide 

sequence of dengue 2 RNA and comparison of the encoded proteins with (host of other flaviviruses. 

Virology 162, 167-180. 

Hcnchal. E.A.. Polo. S.L. Vorndam, V . Yacmsiri. C, Innis, B.L. and Hoke. C.H. (1991) Sensitivity and 
specificity of a universal pnmer set for the rapid diagnosis of dengue virus infections by polymerase chain 
reaction and nucleic acid hybridization. Am. J. Trop. Med. Hyg. 45. 418-428. 

Iric. K., Mohan. P.M., Sasaguri, Y.. Putnak. R. and Padmanabhan. R. (1989) Sequence analysts of cloned 
dengue vims type 2 genome (New Guinea-C strain). Gene 75. 197-211. 

Karber. G. < 1 93 ! > Bcitrag zu; koilcktiven Dehandlung pharmakoiogischer Reihenversuche. Arch. Exp. Pathol. 
Pharmakol. 162, 480-483. 

Uncioni. R.S., Calisher. C.H.. Gublet. DJ.. Chang. GJ. and Vorndam. A.V. (1992) Rapid detection and 

typing of dengue viruses from clinical samples by using reverse transcriptase -polymerase chain reaction. J. 

Clin. Microbiol. 30. 545-551. 
Mackow. E-. Makino. Y.. Zhao, B.. Zhang. Y.M.. Markoff. L, Buckler- White, A., Guiler. M.. Cbanock, R. 

and Lai, CJ. (1987) The nucleotide sequence of dengue type 4 virus: analysis of genes coding for 

nonstructural proteins. Virology 159, 217-228. 
Minor. P D. (1985) Growth, assay and purification of picoma viruses. In: B.WJ. Many (Ed.). Virology. A 

Practical Approach. IRL Press. Oiford. pp. 25-41. 
Monath, T P (1990) Flaviviruses. In: B.N. Fields, D M Knipe. R.M. Chanock. M.S. Hirsch, J.L Melnick. 

T P. Monath and B. Roizman (Eds.). Virology. Raven Press, New York. pp. 763-814. 
Morens. D M.. Halstead. S B . Repik. P.M.. Putvatana. R. and Rayboume. N. (1985) Simplified plaque 

reduction neutralization assay for dengue viruses by scmimicro methods in BHK-21 cells: comparison of 

(he BHK suspension test with standard plaque reduction neutralization. J. Gin. Microbiol. 22, 250-254. 
Morita. Tanaka. M. and Igarashi. A. (1991) Rapid identification of dengue virus serotypes by using 

polymerase chain reaction. I. Clin. Microbiol. 29. 2107-2110. 
Osatomi. K. and Sumiyoshi. H. ( 1990) Complete nucleotide sequence of dengue type 3 virus genome RNA. 

Virology 174. 643-647. 

Sumiyoshi, H.. Mori, C. Fuke. I., Monta. K.. Kuhara, S.. Kondou, J.. Kikuchi. Y . Nagamatu. H. and Igarashi. 
A. (1987) Complete nucleotide sequence of the Japanese encephalitis virus genome RNA, Virology 161. 
497-510. 

Tanaka, M. (1993) Rapid identification of flavi virus using the polymerase chain reaction. J. Virol. Methods 41. 
311-322. 

World Health Organization ( 1986) Dengue Hacmorrhagic Fever: Diagnosis, Treatment and Control. WHO. 
Geneva, pp. 1-15. 




£> Institut Pasteur/Elsevier 
Paris 1994 



Res Virol. 
1994. 145. 93-104 



Identification of mosquito-borne flavivirus sequences 

using universal primers 
and reverse transcription/polymerase chain reaction 
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SUMMARY 

A reverse transcription/polymerase chain reaction (RT/PCR) protocol for the rapid de- 
tection and identification of flaviviruses was developed using a set of universal 
oligonucleotide primers. These primers correspond to sequences in the 3' non-coding 
region and_in the NS5 gene w hich are highly conserve? among the mos quito-borne 
flayjyjnjsfia* The sequences of the resulting amplified products were analysed for den- 
gue 1, dengue 2. dengue 3, dengue 4, Japanese encephalitis. West Nile, yellow fever 
and Zika viruses, and compared with the published sequences of other flaviviruses. The 
291-297 nucleotides corresponding to the C-terminus of NS5 gene showed 56 to 76 % 
similarity, whereas the 3' non-coding region (190 t o 421 nucjeo jidesl-she^ed_onlv 20 
to 36 % similarity. Genetic classification of the Zika virus supported its traditional sero- 
logical grouping Recombinant plasmids containing the flavivirus sequences were used 
in a nucleic acid hybridization test to identify the RT/PCR products derived from viral 
RNA extracted from experimentally infected mosquitoes. The plasmids were dotted on 
a strip of nitrocellulose membrane and incubated with the RT/PCR product labelled with 
digoxigenin during the PCR step. This is a valuable method for the rapid and specific 
identification of mosquito -borne flaviviruses in biological specimens and for subsequent 
sequence analysis. 

Key words: Flavivirus. Sequencing, PCR, RT; Virus identification. Epidemiology. 



INTRODUCTION 

w Flaviviruses are a group of at least 68 viruses 
Classified into eight serosubgroups and nine in- 
dividual serotypes which replicate in vertebrate 
P*ts (Calisher et qL, 1989). About two thirds 
ot them are transmitted by haemophagous 



to be one of the major reservoirs for the viruses, 
which can be maintained in nature via enzootic 
circulation (Monath, 1990). Fifteen mosquito- 
borne flaviviruses are human pathogens and are 
usually associated with non-differentiated afflic- 
tions, including fever, headache and arthralgia. 
Some viruses, like yellow fever (YF), dengue 
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(WN) and Zika (ZIKA) viruses give specific 
pathogenic patterns, including encephalitis, 
hepatitis and haemorrhages, and cause major 
public health problems ;n tropical areas where 
epidemics occur (Monath, 1990). Early identifi- 
cation of the aetiological agent of these epi- 
demics would help the rapid instigation of 
adequate control strategies for the high-risk non- 
immune population. Flaviviruses are usually 
recovered from entomological or biological sam- 
ples by intracerebral inoculation of suckling mice 
and by infection of susceptible mosquito and 
monkey cell lines (Kuno et al., 1985). 
Flaviviruses generally do not have a direct patho- 
genic effect on vectors, and the virus can be iso- 
lated seven days after the infectious blood meal. 
However, human viraemia lasts for 3-5 days and 
is usually neutralized by specific antibodies by 
the time specific symptoms appear. DEN viruses 
can be detected in the presence of neutralizing 
antibodies by amplification of the viral genome 
by reverse transcri ion (RT) coupled to poly- 
merase chain rea*. on (PCR) (Deubel et at., 
1990; Henchal et m 1991). Moreover, RT/PCR 
diagnosis of flaviv <; considerably quicker 
and more sensiti* than the usual tests for 
virus identification 'Deubel et at., 1990; 
Eldadah et al., II : Henchal et at., 1991; 
Howe*/ a/., 1992; " mta eta/., 1991 ; Lanciotti 
etaL, 1992; Portei at.. 93; Tanaka, 1993; 
Tardieux and Poupe Trent and Chang, 

1992). 

The single-stran^.w . positive-sense flavivirus 
genome is about 1 1 . .^eotides long and has 
no 3'-poIy(A) tracr. ' jntains at its 5' and 
3* extremities two n .. v oding regions of about 
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100 and 500 nucleotides, respectively. The ge- 
nome comprises a single long open reading frame 
encoding a polyprotem: 5'-C-prM-E-r)JSl- 
NS2A-NS2B-NS3-NS4A-NS4B-NS5-3\ which is 
cleaved co- and post translationally (Chambers 
et al., 1990). Nucleotide sequence similarities 
among flaviviruses of different subgroups can 
be lower than 40 °7o. Sequences of virus geno- 
types of a single virus show more than 20 % in- 
tratypic variation (Rico-Hesse, 1990). It is 
therefore difficult to find sequences conserved 
among different flaviviruses within the genus for 
selection of oligonucleotide primers for 
RT/PCR. This limits the number of flaviviruses 
that can be tested at the same time. For DEN 
diagnosis, Henchal et al, (1991) and Lanciotti 
et al. (1992) established a single consensus set 
of oligonucleotide primers to replace the four 
sets of primers previously used (Deubei et al., 
1990; Morita et al, 1991). 

In this study, we have used a single set of 
primers for universal amplification of 
flaviviruses highly pathogenic for human. They, 
are based on conserved elements in the 3' un- 
translated region of mosquito-borne flavivirus 
RNA (Hahn et aL. 1987; Wengler and Castle, 
1986) and in the protein NS5. The product am- 
plified by PCR can be identified by using it to 
probe a set of recombinant plasmids each con- 
taining the corresponding sequence from a 
different virus. Using this technique of one- 
round RT/PCR and hybridization, we charac- 
terized genomic RNA from YF, DEN, JE, WN 
and ZIKA viruses in mosquito samples within 
two days. The sequences amplified from these 
viruses were also analysed. 



A P6 1 = A eda pseud* stuttttant clone 6 1 

cDNA = copy deoxyribonucleic acid. 

CS2 = consensus sequence 2. 

DEN = dengue, 

dig = digoxigentn. 

JE = Japanese encephalitis 

m o » * multiplicity of mfec:iOn 
pip 



PCR » polymerase chain reaction. 

RT = reverse transcriptase, reverse transcription. 

rpm = rotation per minute. 

SDS » sodium dodecyl sulphate. 

SSC « sodium salt citrate. 

Toq Thermus aquattcus. 

TNE = Tris-NaOEDTA buffer. 

WN ^ West Nile. 
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MATERIALS AND METHODS 



Viruses 

\ ral strains used in this study (DEN I : reference 
H mat 1944 DEN2: reference New ^Guinga^C 
^cW^DEN3: Thai PaH^l7T988TDEN4 : 
reference Caribbean H241/I97I; YF: Senegalese 
French neurotropic virus FNV/1927 ; WN : reference 
Egyptian E101/1962; JE: reference Nakaya- 
ma/ 1935; ZIKA: Central African Republic ArB 
7630/1976) were obtained from brain tissues and 
propagated in Aedes pseudoscutellaris (AP61) cell 
monolayers. Viral suspensions m AP6l-infected su- 
pernatant were titrated by plaquing on porcine PS 
cells (De Madrid and Porterfield, 1969). 

Virus growth and RNA extraction 

Viruses were grown in AP6I cells (m.o.i.= 
1-5 PFU/cell) for three days in Leibovitz LI 5 me- 
dium supplemented with 10 °7o foetal calf serum. 
10 tryptose phosphate and antibiotics. Cells were 
washed in 1 xTNE(0.5 M Tris-HCI pH 7.2, 0.13 M 
NaCI, I mM EDTA) buffer and lysed at 4°C in 
0.1 * TNE containing 0.5 °7o NP40. Cell nuclei were 
pelleted by centrifugation at 2,500 rpm and the 
cytoplasmic extracts were deproteinized by three 
phenol treatments in the presence of 1 SDS. RNA 
were precipitated with 2.5 volumes of pure ethanol/ 
0.3 M ammonium acetate. 

Male Aedes aegypti mosquitoes were infected by 
intrathoracic inoculation with virus-infected AP61 
supernatants {Rosen and Gubler, 1974). After 
10 days of incubation* 10 mosquitoes were ground 
in 1 ml of Hank's medium containing 0.75 bovine 
scrum albumin. RNA was extracted using a modifi- 
cation of a method previously described by Chomc- 
iinski and Sacchi (1987). Briefly, after centrifugation 
at 3,000 rpm at 4°C. a 200-jxl aliquot of supernatant 
was mixed with an equal volume of lysis buffer (8 M 
guanidine isothiocyanate. 50 mM Na citrate pH 7.0, 
I *o sarkosyl, 0.1 M f3-mercaptoethanol). The mix- 
ture was phenol-extracted by adding 40 uJ of 2 M Na 
acetate pH 4.0, and 615 uJ phenol:chloroform mix- 
ture (7:3 w/v). After centrifugation for 15 min at 
4°C, the aqueous phase was collected and RNA 
precipitated with an equal volume of ice-cold 
isopropyl alcohol. The RNA was pelleted by centrifu- 
gation at 10,000 rpm for 10 mm at 4°C, washed with 
^5 <7o ice-cold ethanol, and vacuum-dried. RNA was 
resuspended in 40 nl of sterile distilled water just pri- 



C$2 h:ahl\ conserved jmori^cvcalJlavj^Lrujie^-^ 
■cTaic^aVoui 100 nucleo tides from the j l^JuU^ahn 
ei i;/"Tl5?^'engIer ancTCastle. 1986; Deubel et ai.. 
1988). The second oligonucleotide primer EMF1 en- 
codes an amino acid sequence (WMTTEDM) con- 
served in all flaviviruses. Alternative bases the third 
position in some of the codons (in parentheses) were 
incorporated into the primer sequence _ CGlGAJL 
GAqC;G)AC(GiT)G^^QAtc5iAlCr 10 
enable hybridization to all known vanar s in this 
nucleotide in ilaviviruses (Rice et ai.. . : Castle 
et ai. 1986; Deubel et aL. 1988; Fr .. 1992; 
Mackower a/.. 1987; Osatomi and Sv- .... ,ni. 1990; 
Su m i vq&lM . al^ J 987) . 

RT/PCR was performed r Sag of 
AP6Umfected cell RNA or 10 ^ of spension^ 

( mosquTto and s er um sampl es ) . V — — araTSnv 

plified by RT/PCR following the meir devious- 
ly described (Deubei ei aL % 1993). Brie *NA was 
mixed with 1 ul (100 ng) of VD8 -rir 'd heated 
at 90° C for 2 min, and placed or. , - was syn- 
thesized in 20 >il of 50 mM Tris-h nH .50 mM 
KCI, 8 mM MgCl 2 , 10 mM dittw.treii 0.2 mM 
of each dATP, dCTP, dGTP and dT 40 units 
"RNasin" (human placental ribo..ucle? ihibitor, 
Promega) and 2 units of reverse irsn*. ase (RT) 
from avian myeloblastosis virus (b hringer- 
Mannheim). The reaction mixture wr • ated for 
I h at 42°C. 

cDNA was amplified by PCR by mai g 4 |xl of 
the cDNA sample up to a 50-ul final !ume of 
50 mM KCI, 10 mM Tris-HCI pH h 2 mM 
MgCI 2 . 10 ^ gelatin, 0.2 M of each of the four 
deoxynucleotides. 300 ng of each of the primers and 
0.5 units of Thermus aquaticus (Taq) polymerase 
(Perkin Elmer Cetus). After 5 min of denaturation 
at 95°C, the mixture was subjected to 30 PCR cy- 
cles: 95°C for 30 s. 53°C for 90 s and 72°C for 60 s; 
followed by a final 10-min polymerization step at 
72°C. For direct detection of viral material in the 
samples, the cDNA was labelled during amplifica- 
tion by adding to the PCR mixture 0.025 mM of 
dUTP ll-digoxigenin (dig) (Boehrtnger-Mannheim) 
and 0.P5 mM dTTP instead of 0.2 mM of dTTP. 
DNA products were purified by precipitation in 
t volumes of ethanol containing 0.125 M LiCl and 
6.2 mM EDTA at -80°C for 30 min. DNA were 
pelleted by centrifugation at 10,000 rpm for 10 min 
at 4°C. rinsed in 75 ice-cold ethanol. vacuum- 
dried and resuspended in 50 u.1 of distilled water. 
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Nad DNA -ere pelleted by cenir.fugation , at 
io 000 rpm'for 10 mm a. 4<C. rinsed and dr.ed. The 
'xtremities were phosphorylated with polynucleotide 
: ' , ,Boehunger-Manhhe.m) following the proce- 
dure d escribed by Maniat.s et al. (1982). The DNA 
:"e Sed mtokoRV- and tf/ncll-cut. calf inte, 
„ne phosphatase-dephosphoryiated plasm.d blue- 
"not P KS( ♦ ) (Stratagene (Man.at.s et al.. 1982)). 
The polvlinker of this plasmid is framed by phage 
T3 andT7 promotor sequences. Double-stranded 
recombinant DNA was sequenced by the d.deoxy- 
nudeoiide method using T3 and T7 universal 
primers and either T7 polymerase (Sequanase US 
Biochemicals) or Tag 9°^™^™^.%' 
quencing kits as previously described (Deubel et al., 

1993). 



Dot-hlol hybridization 

DNA products obtained from the samples were 
labelled during amplification and used to probe for 
hybridization with various recombinant plasmids. 
Plasmids each containing sequences from a differ- 
ent flavivirus were linearized with flamHI, denatured 
and transferred to nitrocellulose membranes as previ- 
ously described (Deubel et ai, 1990) The membranes 
were prehybridized in 4xSSC. 5 ft non-fal milk. 
50-7. formamide and 0.1 ft SDS as previously 
described (Deubel et al., 1990) and hybridized over- 
nieht at 42°C in the same solution containing the 
labelled DNA product. Membranes were washed 
4 times for 10 nun in 2 x SSC containing 0. 1 ft SDS 
at 20-C and twice in 0.2xSSC and 0.1 ft SDS at 
72°C for 40 min. and rinsed in I xTNE. Membranes 
were then incubated for 30 min in TNE containing 
a 1/5 000 dilution of alkaline-phosphatase-labellea 
anti-dig antibodies (Boehringer-Mannheim) and 
washed in TNE. The enzyme was revealed as previ- 
ously described (Deubel et al.. 1990) to visualize posi- 
tive hybridization. 



Dendrogram and sequent* similarity 

A ohylogeneiic tree generated by multiple nucleo- 
tide sequence alignments was calculated using the 
"CLUSTAL V" program (provided 1 by D. Higgms. 
Heidelberg. Germany) (Higgms and Sharp 988). 
The dendrogram was calculated in two stages. 
(1) a similarity score was recorded by comparing 
a. pairs of sequences using the ^ « 
.ethod of W.lbur and L.pman U9.3j.aj. «he« 



RESULTS 



Selection of oligonucleotide primers and evalu- 
ation of their specificity 

Comparative analysis of the nucleotide se- 
quences of mosquito-borne flaviviruses identi- 
fied two sequences CS2 and EMF1, each sharing 
more than 90 °7o identity among YF, DEN. JE 
and WN viruses (Rice et al., 1985 ; Castle et al.. 
1986; Deubel et al.. 1988; Fu et al., 1992; 
Mackow et al., 1987 ; Osatomi and Sumiyoshi. 
1990; Sumiyoshi et al.. 1987). One of these 
sequences identified at the 3'-end of the 
flaviviruses. CS2, is 20 nucleotides long (Hahn 
et al.. 1987). It is repeated identically approxi- 
mately 70 nucleotides upstream in viruses of the 
DEN and it serogroups, but is present only as 
a single copy in YF virus. Tick-bome viruses do 
not contain this sequence (Mandl et al.. 1989; 
Plctnev et al.. 1990). Primer EMF1 matched a 
flavivirus-specific sequence located 500-700 
nucleotides upstream from CS2 and encoded a . 
series of amino acids corresponding to codons 
of low or no degeneracy (see "Materials and 
Methods"). The sequence of ZIKA virus was not 
available and we did not know if the sequences 
corresponding to the primers were present in its 
genome. To test the specificity of the two 
oligonucleotide primers VD8 complementary to 
CS2. and EMF1, RNA isolated from DEN1-, 
DEN2-. DEN3-, DEN4-, Z1KA-, YF-. WN- and 
JE-infected AP61 cells were assayed by 
RT/PCR. The amplified products were visual- 
ized by staining with ethidium bromide after 
agarose gel electrophoresis (fig. 1). RNA from 
the eight flavivirus-infected cells were amplified, 
including that of ZIKA virus. The sizes of the 
amplified DNA (500-700 base pairs) were con- 
sistent with those predicted from the published 
sequences. A doublet band was obtamcd for 
DEN. JE and WN viruses. 

The size of the amplified fragments was vari- 
able (fig. 1). The length of NS5 is highly con- 
served within the flavivirus genus (Tolou et al.. 
1 992). suggesting that the variability was due to 
r.„~ v m\ ty in the position of VD8 or in the 
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Fig. t. Amplification product!. 

. iv rvcivO flane 2> DEN 3 (lane 3). DEN4 

ir^.) gel ««ned with eih.dium brom.de. 



with RNA from cells infected with tick-borne 
Langat virus, Bunyamwera bunyav.rus or 
Chikungunya togavirus (data not shown). 

Sequencing the products amplified from the VD8 
and EMF1 primers 

The amplified DNA products were purified 
on low melting point agarose gel. cloned into 
Bluescript P KS plasmids and sequenced using T3 
nnd T7 universal primers. The a 'gnment by he 



the NS5 gene (table I). The Z1KA virus shows 
56 to S 4 similarity in the NS5 generegion and 
20 to 31 * similarity in the 3' non-codmg region 
Spared to the other viruses. Th.s ,s conststcn 
with the serological classification wh.ch d.st n 
g ishes Z1KA virus from the other mo^o- 
borne flaviviruses (Cahsher el a . 
Figure 3 shows the phylogeneuc tree of the 
^viruses deduced from the amplifie ^ 
nuences Representative viruses wuhin the DhN 
and JE serogroups were 59 to 70 «7o identical 
whereas only i) to 45 *« similarity was observed 



• . » ii'tf.v rtfition " 

\VN virus gene, i »*- - - ... , .. : ui0 

more divergent in both length and sequence ..an 
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Specificity and sensitivity of the probes for 
hybridizarron Of amplified viral cDNA 

The extended homology in the NS5 coding 
region of the DEN serocomplex (table I) could 
lead to cross-reactivity between the strains when 
these sequences were used for specific hybridi- 
zation. Therefore, the cloned DEN sequences in 
the recombinant plasmids were partly deleted to 
remove highly conserved fragments in NS5, 
using appropriate restriction sites (see "Materials 
and Methods" and fig. 2). The plasmids con- 
taining the cloned sequences for JE, WN, ZiKA 
and YF were used undeleted for strain identifi- 
cation. The specificity of these sequences was 
confirmed by hybridization on amplified cDNA 
obtained from infected mosquito RNA extracts 
(data not shown). 

The use of numerous plasmids each contain- 
ing a flavivirus-specific sequence to probe an 
RT/PCR sample for identification would be 
laborious and time-consuming. Moreover, the 
use of radiolabelled probes is unsuitable for rou- 
tine diagnosis. Therefore, RT has been carried 



out by dotting each of the recombinant plasmids 
on a nitrocellulose strip (fig. 4). The optimal 
concentration of the plasmid was determined to 
be 100 ng per dot (see below). The "ready to 
use" strip was incubated with the amplified 
DNA labelled with dig by including dUTP-1 1-dig 
during the amplification step. The amplicons 
could therefore be tested by hybridization against 
the eight plasmids. Each RNA^extract obtained 
from navivirus-infccred mosquit oes was subj cct- 
ecfro RT7PCgusT^ 

with a'"readyj o_use M strip, The DN A-dig~re~- 
taTnWOn nitrocellulose by hybridization with 
one of the cloned sequences was detected with 
alkaline-phosphatase-labelled anti-dig antibody. 
Figure 4 shows the reactivity of each amplified 
flavivirus cDNA with a "ready to use" strip, and 
the specificity of the target sequence for each of 
the eight viruses tested. 

The sensitivity of the method was established 
using the DEN2 vims. To do this, RNA from 
serial dilutions of plaque-titrated viral particles 
was extracted for RT/PCR. The amplified 
DNA-dig products were hybridized with nitro- 



I. Percentage identity between fiavivirus in NS5 gene fragment and in 3' non-coding region. 
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Fig 2. Aligned nucleotide sequences of flavivinis-ampufied products. 

cDNA fragment, of the NS5 C««mi»«s and V non-coding £^%j£ 
cloned in pKS Bluescript and sequenced (see "Materials and MethO* ^™J»g"JJ ' ime „ ue 
ttde » each sequence are indicated. Ovedapptng seq-.n es ^J^^gJicS hucleo- 
underlined. Residues identical ,o the sequence j oj ^DENI J r are *^£»^ n . frame twmin4 . 
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cellulose strips dotted with various concentra- 
tions of recombinant plasmid containing the 
cloned DEN2 sequence (table II): 50 PFU of 
DEN2 virus could be detected by hybridization 
with 10 ng of plasmid; 10 0 ngo f£'asmid could 
detect 5 PFU of virus. To compare the sensitiv- 



ity of the method with cell culture, DEN2 virus 
from the same samples was identified after 
inoculation on AP61 cells. Cells inoculated with 
5 PFU showed specific fluorescence in about 
5 °7o of the cells seven days after inoculation 
(table II). 
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Fi, 3 Dendrogram presenting .h e cx.cn, of base sequence similarly b«w«n J^"""' 
3 - sequence amplified by PCR using VD8 and EMFl un.versaJ pr.mers. 

The sequences of different flavivirus l^^^^j^^^^ 
,he dendrogram for relationsh.p analysis: (a) Fu e a . y^). W Wtom t / 
e, al. (1992). (d) Irie « al. (1989). (e) Deubel */ al. ™ h ""™X ( 991 . (k> Niuya- 

„M.987). (h)Sumiyoshi e/a/ (1987U.) f H f^™~ 0 ,f f ( wJS« »n«I Slle (1986). t»l 

phan er a/. (1990). (I) Lee « a/. "^-^^^VSiSk sequence alignment algorithm 
Riee e ,a, . . 985). The J-^,^^ ^ ^ mMn 
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DISCUSSION 

We designed a PCR-based method for iden- 
•ificaiion of mosquito-borne flaviviruses using 
wo oligonucleotides corresponding to consen- 
ts 0 sequences in their genome. These pmne« 
VD8 and EMF1 framed a sequence of 500--00 



FOR FLA VI VI R US SEQUENCING = : 

nucleotides containing variable regions suitable 
for genetic classification and analysis of the rela- 
tionships among those v.ruses. Previous stud.es 
have proven the reliability of direct sequencing 
RT/PCR-derived flavivirus DNA fragments for 
molecular epidemiological studies (Deubel el at.. 
1993 Lee el at., 1992; Lewis et at.. 1992). Se- 



7 8 9 




F«. 4. Specificity of reverse hybr.duat.on assays. 

n P Mi nEN2 DEM DEN4. Z1KA. WN. YF and JE v„us 
Recombinan. plasmids conta,mng DEN I DEN2. Otro. ^ nj lhllose s , r , ps 

cDNA sequences and a plasmid wltno . ? * Dr0< j uc tj labelled wiih digoxigen.n. PCR 

fa I Each strip was then hybridized w,ih different p f* J^™^,,, dengue DEN! (1). DEN2 
SdJSf JSobutort from RNA HiSS?* Xom nfock-infected mosqui- 

(2). DEN3 (3). DEN4 (4). ZIKA (5). WN (6). YF (TV and JEW ineorporat ion of dUTP-1 1 

oe, (9) using VD8 and EMF1 pnmers. ^^^^^^ff^aained on .he strips by hybnd.- 



Table II. Comparison of the sensitivity of DEN2 virus 
Number of PFU per assay 



RT/PCR to ceil culture for flavivirus identification. 

< 0.5 Control 



Hybridization test 
(ng probe/doi) 
100 ng 
10 ng 
1 ng 
n 1 nc 



+ + + 
+ + 
+ 



+ + + 

4- •¥ 
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qucnce comparison of the flavivirus reference 
strains with other variants indicated a variabili- 
ty of between 0.5 and '22.3* % within individual 
serotypes. The highest variability was observed 
for the 3* non-coding region which had been sub- 
jected to deletions/insertions during evolution 
(table I). However, this region contains 
serocomplex- and serogroup-specific fragments 
which may be specifically recognized by cellu- 
lar or viral proteins during virus replication 
(fig. 2). The sequence of the ZIKA virus was 
unknown. Although not assigned to a subgroup, 
it has been suggested to be most closely related 
to YF, Spondweni and Uganda S viruses, based 
on epidemiological and pathogenic characteris- 
tics (Monath, 1990). The sequences of the 
VDB-EMFl-amplifieu products suggest that this 
virus is well separated from all other viruses in 
the phylogenetic tree. Only one band cor- 
responding to the amplified product was detect- 
ed, but this does nc mean that a downstream 
repeat of the CS2 se ence does not exist. Pos- 
sibly, one of the seq ~ces is involved in secon- 
dary structure preve. hybridization, and this 
virus gives a single ^nd. 

The RT/PCR m od hr.s also been deve- 
loped as an alternatr ~ tissue culture for rapid 
and sensitive detectic f f. viruses in mosqui- 
toes and biological - •««!<■ identification of 
flavivirus usually taki re . . .an two weeks and 
requires specific clonal antibodies not 
available for all flavi A*r< y toreover, viral in- 
fectivity is preservt when samples are 
maintained in the co e accuracy of flavivi- 
rus PCR has been de m rated primarily using 
cell culture fluids or \-'^% seed lots, and only 
rarely using scrun o. mosquito specimens 
(Deubel et at., 1990 Ville et al., 1991 ; Lee et 
aL. 1992). The present study confirms that RNA 
from infected mosqr : 'oes can be detected. Using 
universal primers coupled to specific hybridiza- 
tion, it is possible to detect more than one virus 
in multiply-infected patients (Gubler et aL t 1985 ; 
Lailleef 1991) and in field-caught mosqui- 
to pools. PCR is also able to detect multiple 
,nrfir< -xh\ch may ; n»erfere with iden- 



probing the amplified product with type-specific 
oligonucleotides (Henchal et a/.. 1991 ; Lanciotti 
et aL. 1992), by using type-specific oligonucleo- 
tide primers in independent runs (Eldadah et aL, 
1991 ; Tanaka, 1993; Trent and Chang, 1992) 
or by estimating the different size of the ampli- 
fied products when a mixture of oligonucleotide 
primers, each specific for one virus serotype, is 
used (Morita et aL, 1991). All these tests use 
type-specific sequences for RT/PCR and iden- 
tification which may be subject to variation wi- 
thin a serotype. The use of consensus sequences 
for RT/PCR coupled to spot hybridization with 
cloned DNA probes avoids this problem. We 
have previously demonstrated the advantage of 
non-radioactive cloned DNA probes compared 
to radiolabelled probes for identification of 
DEN-amplified target DNA (Deubel et aL, 
1990). If every flavivirus probe were labelled, the 
number of different labelled probes required, 
and consequently the number of independent 
hybridization tests, would be very large. In order 
to circumvent these tedious steps, we inverted " 
the hybridization protocol by dotting the cloned 
DNA probes on a single strip and by labelling 
cDNA during PCR. This easy-to-pcrform 
method facilitates the analysis of individual sam- 
ples by reducing the number of hybridizations, 
as each strip is pre-coated with all the different 
flavivirus sequences. We had established in a 
previous test using direct hybridization of the 
amplified products with specific probes that 
RT/PCR was 20 limes more sensitive than the 
cell culture for DEN vims identification (Deubel 
et al., 1990). However, our prcscnt study showed^ 
th at thesame tij jjLJ>f. virus was dct££l£QJ>y 
RT/PCR and * y r * n culture for flayjyimS-di- 
agnosis. Either the RT or the staining method 
for hybrid detection may account for this diver- 
gence. The suitability and validity of the method 
are currently being demonstrated on field 
samples. 
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identification de sequences nucleiques specifies 
' des navivin,s transmissible* par »es ™ust.qu«s 
a | ! aide d'amorces universelles el de la PCR 

Sous avons developpe une technique associant la 
transcription reverse et ramplification en cha.ne par 
Polymerase (RT/PCR) pour la detection des flaw.. 
Z transmissibles par les moustiques. Le couple 
d'amorces correspond a deux sequences particul.e- 
? e m™ conserveeidans ces virus. I'une eian. situee 
vS la fin de la region 3 1 non codante et Pautre a 
environ 300 nucleotides avant la fin du gene de la pro- 
teine non structurale NS5. Nous avons analyse les 
Lquences ampuf.ees enue ces amorces pour les v.rus 
de la dengue (serotypes 1 a 4). de '^ncephalue japo- 
naise. West Nile, de la fievre jaune el Zika^ L etude 
comparative d'une fraction du gene NS5 codant pour 
97 a 99 acides amines selon le type viral indique une 
similitude de sequence nucleotidique comprise entre 
56 et 76 <7o. Cette similitude n'est plus que de 20 a 
36 <fi> lorsque nous comparons les genes correspon- 
ds a rextremite 3. non codante. dent la longueur 
peut varier de 190 a 491 nucleotides. L etude com- 
paxative de la sequence nucleotidique du virus Zika 
avec celle des autres virus confirme qu'il n est pas 
apparent* a d'autres fiavivirus. commc cela avail ete 
demontre dans la classification serologique tradmon- 
nellc. Les plasmides recombinants contenant les 
sequences des huit fiavivirus etudies ont ete utilises 
dans un test d'hybridation moleculaire pout rjdenti- 
fier le materiel genetique obtenus par RT/PCR de 
I'ARN viral extrait de moustiques mfectes au laoo- 
ratoire par injection intracoelomique. Ces plasmides 
ont ete deposes sur une languette de nitrocellulose 
puis incubes avec le produit d' amplification ma rque 
par la digoxigenine durant I'etape de PCR. Les plas- 
mides contenant les genes des quatre "^types de la 
dengue ont ete partieUement deletes des sequence de 
la region NS5 pour augmenter la specificite. Cette 
methode specifique et rapide represente une amelio- 
ration substantieUe par rapport a notre P'«*««£ 
technique de RT/PCR pour la detection rapide de 
navivinis dans les echantillons biologiques. 

Mots-clis: Fiavivirus. Siquencage. PCR, RT; 
Identification viralc, Epidemiologic. 
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ntrmitted amolicoo capture by a biotin-streptavidln interaction and detection with DIG-sptctiK 
n£ZT?L^Z EUSA. ev.iu.uc the uti.it, of. his ««, for detectinjjSL ^ 

RNA in strum specimens compared with isolation of virus by olbopuxui LVM> cell culture ano 

identification by the indirect immunofluorescence assay. 



Havrviruses arc arthropod-transmitted viruses that belong 
,o the family Flaviyiridae (1). Viruses in this family mclude 
the etiologic agents of dengue (DEN), yellow fever (YF), 
Japanese encephalitis (JE). West Nile encephahtis, Murray 
Valley encephalitis, St. Louis encephalitis (SLE), and tick- 
bome encephalitis (9). Conventional flavivirus diagnosis is 
based on isolation and identification of virus frorn clinical 
specimens or the presence of virus-specific antibody in the 
patient serum specimen (9). The exceptional sensitrvity of 
the PCR permits a millionfold amplification of specific nu- 
cleotide sequences in vitro (14). This technique provides an 
attractive approach for rapid detection and identification ol 
flaviviruses in mosquitoes and clinical specimens when virus 
cultivation is difficult or time consuming and when diagnosis 
•mpacts on clinical treatment and has implications for vac- 
cination and mosquito control. 

Several reverse transcriptase (RT>PCRs using different 
pairs of primers (amplimers) for specific viruses have been 
developed f« detecting flavrvirus RNA. Identification of 
virus to species level has usually been accomplished by 
determining the s« of amplified DNA by agarose gel 
electrophoresis (3. Wi, 10) or by hybndixation with labeled 
virus secies-specific (VSS) probes ft 6. 8). Agarose gel 
electrophoresis is more convenient but leas sensitive than 
hybridization. A combination of nested PCR and agarose gel 
electrophoresis is more sensitive than hybndization for 
delecting and identifying the four serotypes of DEN virus 
through DEN4, (8). However. this technique is 



subject to amplicon contamination during the second cycle 
of amplification. We have described a simple strategy to 
detect medically important flaviviruses in a single-vessel 
RT-PCR (15). This assay consists of a flavrvirus genus- 
conserved (FGC) amplimcr pair (FUDJ9166 and CFDJ9977) 
and 11 individual VSS up amplimers that hybridize with 
specific sequences in the carboxyl-terminal one-third portion 
of the NS5 (nonstructural) gene. The FGC amplimer pair 
amplifies an amplicon of 830 bp in the NS5 gene of aU 
flavtviniscs tested (15). To determine the species of wal 
RNA, thr FOC dow* amplimer (CFDJOTH is used in 
combination with 4p individual VSS up ampbmer. AmpU- 
conVof appropriate sizes are generated ET the vtnis^ specific 
up amplimer and viral RNA are homologous. This RJ-PCR 
can also be used to identify previously unrecognized flavi- 
viruses by nucleotide sequence analysis of the DNA ampli- 
fied by the FGC amplimer pair (15). . . 

To improve the sensitivity and specificity of the flivmrus 
RT-PCR. we have modified the FGC down amplimer, 
CFD2-4, and developed an integrated target and signal 
amplification assay. This assay employs RT-PCR m the 
presence of digoxigenin (DIGVll-dUTP to amphf> jaxget 
sequences in the NS5 gene of the flavrvirus RNA and uses 
the enzyme-linked immunosorbent assay (EUSA) to detect 
the DIG-modified amplicon DNA. Amplimers have been 
designed to detect and type the medically important flavivi- 
ruses in mosquitoes and serum specimens. 
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Control and£rev«niion (CDC), Fort Collins, Colo. YF virus 
strain 17D and SLE virus strain MSI-7 were titrated in Vcro 
cells (16). 

Inscctary-maintaincd Culex pipiens mosquitoes were in- 
oculated intrathoracically with 0.5 PFU of SLE virus per 350 
nl. Since mosquitoes are more susceptible than Vero cells 
for Mavivirus replication, the virus dose used is sufficient to 
infect all inoculated mosquitoes. Sixteen uninfected mosqui- 
toes were frozen at zero hour as the normal mosquito 
control. Two to four infected mosquitoes were removed and 
frozen 'at -70°C at 4.5, 18.5, 48, 96, and 144 h post 
inoculation (p.i.). Individual mosquitoes were homogenized 
separately in 1 ml of EagJe's minimal essential medium 
containing 5% bovine serum albumin and frozen at -70°C. 
The infection status of each mosquito was verified by plaque 
titration in Vero cells (16). 

Serum specimens from DEN virus patients were obtained 
from Ifie San Juan Laboratories, UMSlon ol Vector-Borne 
Infectious Diseases, CDC, San Juan. P.R. To evaluate the 
sensitivity and specificity of the RT-PCR-ELISA, we ana- 
lyzed 91 serum specimens previously shown to contain DEN 
vims as demonstrated by virus isolation in Aedes albopictus 
C6/36 cell rulture and virus Identification by indirect immu- 
nofluorescence assay ( I FA) (5). Twenty* four ^pectmens neg- 
ative bv C6/36 cell culture and TFA were included as 
controfs. AJI of the specimens were assigned a random code 
prior to blind testing by RT-PCR-ELISA. 

RNA extraction. Nucleic acids were extracted from virus 
seed stocks, homogenized mosquito suspensions, or human 
serum specimens by the method described by Lanciotti et al. 
(8). The extracted nucleic acid was resuspended in distilled 
water and stored at -70*C. 

Capture of flavi viral RNA from mosquitoes before RT-PCR. 
To remove nonspecific inhibitors of the RT-PCR, viral RNA 
in infected mosquito extracts was captured by using a 
modification of the method described by Lanciotti et al. (8). 
Oligonucleotide primer Bio-CFDJ9977 or Bio-CFD2-4 
served as the flaviviral RNA capture probe. Nucleic acid 
extracted from homogenized mosquitoes was mixed with 5 
pmol of capture probe in wash buffer (0.1 M Tris-HG, pH 
5.5; 0.1 M NaCl), heated at 94*C for 2 min, and slowly cooled 
to room temperature. Biotinylated probe { Bio-probe >- viral 
RNA complexes were captured by the addition of 10 u.1 of 
prewashed strepiavidin-coated magnetic beads (M-280 
streptavidin, binding capacity of 2 pmol/u.1; Dynal, Inc., 
Great Neck, N.Y.). Following incubation at room tempera- 
ture for 30 min. Bio-probe-viral RNA-M-280 complexes 
were immobilized during ail washing steps with a magnetic 
particle concentrator (DynalMPC-E; Dynal, Inc.). Bio- 
probe-viral RNA-M-280 complexes were washed three 
times with wash buffer to remove unbound components, and 
the complexes were resuspended in 20 u.1 of distilled H 2 0. 
Captured viral RNA was separated from the complex by 
heating at SOTC for 2 min and quick chilling at 4°C. RNA in 
the supernatant was separated from the magnetic beads at 
4°C and collected. 

Synthesis of oligonucleotide ampHroers. The FGC and VSS 
amplimers used in the RT-PCR-ELISA, except CFD2-4 and 
DFN4-Q580. have been previously described (Table 1) (15). 



'iiitoiiui'Ct'tiUo **c;c tviiineM/cU »»n .1.1 -\t'piie»; i>u>sv * 
cms DNA synthesizer, model „*M)A. using lUnUJiw 
phosphoramidite chemistry ^Applied Biosystems Inc.. Fos- 
ter Cirv. Calif . l. Biotin was attached to the 5* end of the 
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FGC. 
FUDJ91G6 

VSS: 

OEN1-J9243 

YF 9334 

JE-9574 

OEN2-J94S2 

OEN3-9471 

SIE-J9483 

DEN4-95BO 



9166 



9977 

— CF02-4 
— CFDJ9977 



Amp J icon bp 

761 
743 
566 
546 
522 
515 
411 



FIG. 1. Schematic diagram of the U-kb flavrvirus genome show- 
ing the relative locations of FGC and VSS amplimers. Arrows 
indicate the 5'-to-3' direction of amplimers. Amplimers specific for 
DEN1, DEN2, DEN3, DEN4, JE, SLE, and YF viruses are 
designated DEN1-J9243, DEN2-J9452, DENJ-9471, DEN4-9530. 
Jh-W4, SU--J94W, and YF-yJX, respectrvery. NC, noocoding 
region; C, nuclcocapsid protein; PrM/M, prcroembrane and mem- 
brane protein; E, envelope proteio; NS. nonstructural protein. 



CFDJ9977 and CFD2-4 amplimers by using biotin-on phos- 
phorarflldtle chemistry (Gontech Laboratories, Inc.,- Palo 
Alto, Calif.). Synthetic oligonucleotides were purified by 
using OPC columns (Applied Biosystems, Inc.). 

RT-PCR as a target sequence amplification system. A 
single -vessel RT-PCR was used to convert target viral RNA 
to cDNA with subsequent amplification of the cONA to 
double-stranded DNA. Reactions were done in a 25-ul 
volume that contained the following components: resus- 
pended viral RNA extract (1 to 10 u.1); 50 mM ICQ; 10 mM 
Tri5-€rrpH8.5; 1.5 mM MgCI 2 ; 0.01% (wt/vol) gelatin; p) 
(each^ jhc four deoxynucleoside triphosphates (Pro=" 
mega, Madison, Wis.); 2.5 mM dithiothreit oj; Z5Q nM utadU 

^unl ess otherwise specified) up a nd dqwr\ amplimgr*; 2.5 U 

of RAV-2 RT (Amcrsham Corp., Arlington Heights, III.) per 
100 u.1; and 2.5 U of Amplitaq porymerase (The Perkin- Elmer 
Corp., Norwalk, Conn.) per 100 u.1. Reaction mixtures were 
incubated in a model 9600 Thcrmocycler (The Per kin -Elmer 
Corp.) for 1 h at 55*C to facilitate the RT reaction and for 4 
min at 94*C for denaturation, after which they were sub- 
jected to 25 cycles of denaturation (94'C for 1 min), am- 
plimcr annealing (55°C for 1 min), and amplimer extension 
(72*C for 3 min), followed by a 10-min incubation at 72*C. 

To incorporate DIG-dUMP directly into the amplicon, 
reacti ons we rerp ctfem ncd as described ab ove with the 
addiUoToTTUr u.M ll>lU-ll -dU I P (BOcTTnnger Mannheim~ 
B^hemicalsT^rnfianapolis, InBiym the reaction mixture. 
Although a higher concentrat ion of DI C-U-dUTP in the 
reaction mixtu re resulted in tflctdaseffoptical density (OP) 
r eadings in ELlSAs, jpsr vnsitnnty wfr< not SijmiBcantJy 
i mproved (da ta not shown). 

^CLISA ampliftcatloa rystem. DIG-modified arnpiicons 
f DIG-amplicons) were characterized by agarose gel elect ro- 

-.«." ; J .-.pftm:.. •■ • % nunc -i i;nr * • »; i **r 

n .\ Hijinco *un cimuium wnmiuc. ix.\au.^c iuivu. 
^ui VSS jrnplimcrs pnrncd Jl different positions :n :nc SS5 
gene of the viral RNA. the amplicon size for each flavivirus 
was different (Fig. 1 and Table 1). 
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TABLE I Amphmers used in RT-PCR ELISA ideniifkation of flaviviruscs 



Oligonucleotide sequence i5' to 3 I 



Amplicon sue 

•.bp) 



FGC 3mplimcrs 
B.O-CFD2-4- 
B.O-CFDJ9977- 
FLDJ9166* 



5 TTTCACCATGTCTTCCGTCGTCATCC 
5 *- GCATGTCTTCCGTCGTCATCC 
5 -G ATG ACACAGCAGG ATGGGAC 



838 or 83r 



or 
re 
0. 
rig 
n- 



s- 
O 

•y 

A 
A 

o 
lI 

>* 

A 
0 



\. SS up amplimers 
DEN1-J9243 
DEN2J9452 
DEN3-9471 
DEN4-9S80 
JE-9574 
SLE-J9483 
YF-9334 

viested-PCR amplimers'' 
Dl 
D2 
T5i 
TS2 
TS3 
TS4 



5 * GCCTG AACATGCTCT ATTGGCT 

5 -TCTTCAAAAGCATTC AGCACCT 

5 CCCATCCGCT AG AG AAG AAAATTACAC 

5 GGTTTGGCACTTCCCTCCTCTTCTTG 

5-GACCACAACACTTGGAACAGCTAC 

5 - ACGATTGGCCAAAGCGGTTGAG 

5 • . AC AAGC AGTG ATGG AAATG ACA 



5 -TCAATATGCTGAAACGCGCGAGAAACCG 
5 -TTGCACCAACAGTCAATGTCTTC AGGTTC 
5 ' -CGTCTCAGTG ATrCGGGGG 
5 -CGCC ACAAGGGCC ATG AACAG 
5 T AACATCATCATG AG ACAG AGC 
5 CTCTGTTGTCTTAAACAAGAGA 



761 
546 
522 

4U 
566 
515 
*?43 



511 
482 
119 
290 
392 



* Do*n amplimer. 

* Up amplimer. 

Amplicon sire obtained by using Bio-CFD2-4 or B»o-CFDJ9977. respectrvery. 
4 Reported by Uneioni el al. |8). 



A schematic representation of the ELISA detection pro- 
tocol is shown in Fig. 2. DIG-amplicons were diluted in a 
fourfold dilution series with rinse buffer (phosphate -buffered 
saline with 0.05% Tween 20). Fifty-microliter aliquots of the 
diluted DIG-arnplicons were added to each well of a 96-well 
ELISA plate (Immulon 11; Dynatech Laboratories Inc.. 
Chantilry, Va.) that had previously been coated with strepta- 
vidin (1 u.g per well; Boehringer Mannheim Biochemicals) in 
100 til of coating buffer (Na 2 CO r NaHCO v pH 9.6) and 
blocked with 100 u.1 of blocking buffer (3% normal goat 



Read OD 



450 



Substrate 




± 



X 

Y 



serum in rinse buffer) per well. Biotinylated DIG-amplicons 
were bound to the microliter plate through biotin-streptavi- 
din interaction by incubation at 37°C for 1 h. The plates were 
washed three times with rinse buffer, followed by the addi- 
tion to each well of 50 u.1 of rinse buffer containing 5 mU of 
horseradish peroxidase -conjugated sheep anti-DIG Fab frag- 
ment (Boehringer Mannheim Biochemicals), incubation at 
37°C for 1 h, and three washes with rinse buffer. One 
hundred microliters of the enzyme substrate-color indicator 
(0.01% 3.3\5,5 , -tctramethyl benzidine, 0.005% H 2 0 2 in 0.1 
M citrate-acetate buffer, pH 6.0) was added to each well, and 
the plates were incubated at room temperature for 10 min. 
Reactions were stopped by the addition of 50 u.1 of 2 M 
H 2 S0 4 per well, and the OD at 450 nra (OD 450 ) was mea- 
sured in each well. 

Development of testing algorithms for routine diagnosis of 
flavi virus infection. Aj»ilcJ_oXU5nmjJ^^ serum 
s pecimen s, includinj£9L^ negative by virus 

ls ^Tauoirnrc^ a b,ind tcs| 10 

JeTeTrrime^ih^sel^ and specificity of the RT-PCR- 
ELISA as a diagnostic procedure for DEN vims infection. 
Results were recorded as ft a vi virus negative, flavrvirus pos- 
itive (with DEN vims serotype), or vims species undeter- 
mined (Fig. 3). Specimens that gave disparate results were 
reevaluated by virus isolation in C6/36 cells and IFA (5) and 
nested PCR (8). 

RESULTS 

. H'M igna! a m pi' *' a' i,x " **v* ■ 



n and w-ere Jetecied ty using horseradish peroxidase woniugaieJ 
^eep ami- DIG Fab fragmeni 'PODi m a siandard ELISA lormai 
The bioiin moierv *as~ from bionnylaied FGC amplimers. B»o- 



... ........ .- fc «f - -- -i.-.:c:-- 

:\ .»mpniiic:s ,.>tj -.»• ;-nme *vi:ines.N - 
.mpucons curing ;nc RT-PCR. Aimougn r.onspecinc !3rge; 
amplification can be decreased or eliminated by raising the 
amplimer annealing temperature from 50 to 55 W C. some 
nonspecific amplimcr-RNA interaction can occur at higher 
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Specimens 
Nucleic acid extraction 
RT-PCR-ELISA using FUDJ-9166 & Bio-CFD2-4 

I . 



I. Cut*. Microbiol. 



Positive OD 

RT-PCR-ELISA using 
VSS & Bio-CFD2-4 



-L 



Negatlve OD 

Repeat 

RT-PCR-ELISA using 
FUDJ-9166 & Bio-CFD2-4 



f 

Positive OD 



Determine viral 
Species 



1 

Negative OD 

Repeat RT-PCR 
using 

FuDd-9i66 a 
CFD2-4 



Nucleotide 

sequence 

analysis 



Negative OD 

(stop! 



Determine viral 
species 



FIG. 3. Test algorithm for RT-PCR-ELISA detection of flaviw 
ras RNA in clinical specimens. 



amplimcr concentrations and result in a higher nonspecific 
OD 450 . To illustrate the effect of amplimcr concentration on 
ELISA specificity, different concentrations (500, 250, 125, 
and 62.5 nM) of down FGC amplimcr CFD2^i and up VSS 
amplimer YT-9334, DEN1-J9243, DEN2-9452, DEN3-9471, 
DEN4-9580, or JE-9574 (Table 1) were used to detec t a 6.2 



lo^n PFU equivalent of YFviral RNA (Fig. 4). 
Down " 



own" amplimer Bio-CFD2-4 paired with heterologous 




— FOC-YF. 5O0 nM 

- roc^iEV 500 • 

♦ FOC OCN2. 300 ' 



- FOC YF 

♦ FOC-YF 
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•e«.ted at <00. 250. 125. and 62.5 nM. 



YF RNA AGC • 
(Lo9,pfu) Soorti 




5.6 



Log,, Reciprocal Ampllcon Dilution 



FIG. 5. Scnsitiviry of the RT-PCR-ELISA for detection of YF 
viral RNA. Assays were performed with am plum en Bio-CFD2-4 and 
YT-91V4 at ISO nM for 25 PCR cycle* Pnlonroetrir FLISA detec- 
tion (graphs) of the amplicon is compared with visual detection of 
the ethidium bromide -stained amplicon analyzed by agarose gel 
electrophoresis (AGE score; + or -) following RT-PCR using a 1.0 
to 5.2 log l0 PFU equivalent of YF viral RNA. 



VSS up amplimers DEN2-J9452 and JE-9574 at a concentra- 
tion of 500 nM gave uoacceptably high OD 490 s of 0.58 and 
0.38, respectively, at an amplicon dilution of 1:100 (Fig. 4). 
Background ODs were below 0.05 when 250, 125, or 62.5 nM 
heterologous VSS amplimers were used in RT-PCRs (Fig. 4). 
The homologous Bio-CFD2^~YF-9334 amplimcr pair at 
concentrations of 500, 250, and 125 nM resulted in similar 
OD 430 s of 1.62 to 1.88 at the 1:100 dilution of DNA amplified 
from YF viral RNA (Fig. 4). Amplicon yields were nearly 
equal when this amplimer pair was used at concentrations of 
500 and 250 nM but decreased by about 80% at the 125 nM 
concentration (data not shown). At an amplimer concentra- 
tion of 62.5 nM, amplicons were undetectable by agarose gel 
electrophoresis (not shown) but were weakly positive by 
ELISA (Fig. 4). Experiments using heterologous and homol- 
ogous amplimers with DEN1, DEN2, DEN3, DEN4, or JE 
viral RNAs gave similar results (data not shown). On the 
basis of high amplicon yield and low nonspecific reactivity, 
an amplimer concentration of 250 nM was selected for use 
throughout the remainder of this study. 

Sensitivity of RT-PCR-EUSA for detecting virmJ RNA. YF 
viral RNA was used to illustrate the sensitivity of the 
RT-PCR-ELISA as an integrated amplification and detection 
system. Various amounts of virus RNA, equivalent to 5.2, 
4.6, 3.4, 2.8, 2.2, 1.6, or 1.0 log 10 PFU of YF vims, and 250 
nM amplimer pair B io-CFD 2-4- YF-9334 were used. The 
relative sensitivities of the RT-PCR-ELISA and the agarose 
gel electrophoresis-ethidium bromide staining methods were 
compared for detection of DIG-ampucons amplified from 
various amounts of YF viral RNA (Fig. 5). The RT-PCR- 
EUSA enabled detection of a 10-PFU equivalent of VV' viraT 
R NA (Fig. 5), in contrast to a &g£pj5_ 8^ electroph oresis , wiflT" 

u .ch i •■pr;-riV' -fr.pucon "^and ^as visible /»r.ry *hcc 

:a:c: run ^ . ' " Mior .'..i.i ivaieni ' VT ;:. 

V *A Aits .isc.: \ U " : ^'.r.. HTvWWs >:*v? 

.me sensitive ;han agarose go electrophoresis-* irudium 
♦romide staining tor detection ol DIG-amplicons. 

VI nl RNA detection in mosquitoes infected with SLE virus. 
Application of the RT-PCR-ELISA to detect viral RNA in 
flavivirus-infected mosquitoes was investigated by analyzing 
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TABLE 2. Comparison between vuus isolation and RT PCR-ELISA m detection of SLE virus-mfected mosquitoes 



T:me hi p.i. 



No. ot 
specimens 
tested 



Result by: 



RT-PCR-ELISA* 



V irus isolation' 



Lncapiured RNA* 



IU.0 

n uninfected controls) 



4 

y 
3 
4 

16 



1.7. 2.4. 2.2 
3.4. 4.8, 5.4 
5.7, 4.6. 5.6. 5 9 
- (all) 



-. 2.6 
3.2. 3.8. >4.4 
>4.4. 3.8. >4.4, >4.4 

<2.0(aUf 



■ - negairve result. Numbers indicate log,© PFU/ml measured by plaque titration ui Vero cells. 

• -] negative result. Numbers indicate log, 0 reciprocal cndpoim titers determined by ELISA. 
Nucleic acid extracted from mosquito homogenates was used directly in RTPCRELISA. 

• Virus-specific RNA purified from nucleic acid extracts by Bio-probe-strepiavidin capture. 
- M\ uninfected control mosquitoes had 0D 43O s of 0.1 to 0.25 at a 1:100 amplicon dilution. 



Captured RNA* 



-. 2.6. 2.6 
2.6, 2.6. 2.6 
3.2. 3.8. >4.4 
>4.4, 3.8. >4.4, >4.4 

< 2.0 (ail) 
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mosquitoes inoculated with SLE virus. Mosquitoes were 
assayed for infectious vims by plaque titration in Vcro cell 
monolayers and for viral RNA by RT-PCR-ELISA at vari- 
ous times p.i. SLE vims could be isolated from mosquitoes 
48 to 144 h p.i. (Table 2). Only one of the three mosquitoes 
tested at 48 h p.i. was positive by RT-PCR-ELISA when 
total nucleic acid was used in the test without purification of 
the viral RNA. However, following ca ptu r e and clution from 
prpbe=magietic bead complexes. viraiRNA was aetecieoTJiy 
^tTpCR-EL IS A"i n all 6t me moTqtntoes te ste d .at 48 to~T3g 
h p ; ^ y^IU< m two pi four mSquItQeS i**!^ at iH.S h 
p j. (Tab le 2). Although detection of SLE viral RNA in 
mosquitoes by RT-PCR-ELISA without RNA capture was 
less sensitive than vims detection by isolation of vims in cell 
culture. RT-PCR-ELISA of captured SLE viral RNA was at 
least as sensitive as vims isolation (Table 2). 
RT-PCR-ELISA for routine detection and typing of DEN 

I viruses from viremic human serum. To determine the sensi- 
tivity and specificity of the RT-PCR-ELISA as a diagnostic 
test, a panel of 115 randomly cod es) human SCRjm specimens 
j wa5 analyzed. Ninety-one orThe scrum specimens had 
1 pteviouslybeen shown to contain DEN vims by vims 
solation and I FA in C6V36 cell cultures (5). By the testing 
algorithm shown in Fig. 3, 97 of the serum specimens were 
Dositive for DEN viral RNA by RT-PCR-ELISA. A compar- 
ison of the PCR results with those obtained by vims isolation 
ind IFA revealed discordance for 14 specimens, as shown in 
Table 3. These 14 specimens were again tested by vims 
isolation and IFA inC6736cell culture. By vims isolation and 
IFA. specimens 17, 30, 93, 107, 124, 163. 187, and 200. which 
were initially reported as negative, were positive for DEN2 
virus on retrial (Table 3). The remaining six discordant 
specimens (8, 15, 48. 91, 135, and 180) were retested by 
RT-PCR-ELISA as well as by the ncsted-PCR technique (8). 
Specimens 91 and 135, which were identified by vims 
isolation and IFA as positive for DEN3 and DEN4 vims. 
-:rv1 -osmvc for DEN2 and DEN3 viral RNA. respec- 



ELISA results and those obtained by virus isolation and IFA 
(Table 4). Bothmethods provided 89% overall specificity 
a nd 98% oveTaTTsensitrviry in tfif flrtrriinn of s pecimens 
containing DEN ynmsnr vgrai RNA. Both methods showed 
95to-K)0% senSilivity mthe identification of human semm 
specimens infected with each of the four serotypes of DEN 
virus (Table 4). Identification of DEN vims or viral RNA'in 
these clinical specimens by RT-PCR-ELISA was compara- 
ble to the vims isolation- IFA method in terms of specificity 
and sensitivity. However, RT-PCR-ELISA ofFers the advan- 
tage of speed in diagnostic testing. 

DISCUSSION 

The epidemiology and clinical diagnosis of flaviviruses, 
which are important causes of human disease, are major 
public health concerns (9). The RT-PCR amplification of 
viral RNA provides a rapid and specific technique for the 
detection and identification of flaviviruses and is as sensitive 
as vims isolation in cell cultures and in mice (2, 3, 6-8, 10). 
Because several flaviviruses may be transmitted by the same 



TABLE 3. Repeat testing of 14 human serum specimens for the 
presence of DEN virus (C6/36 cell culture and IFA) 
or DEN vuil RNA { RT-PCR) 



Serotype identified by: 



Specimen 

no. 



Ck06 cell culture and IFA 



RT-PCR 



Preliminary 



RetniJ 



ELISA 



Nested* 



3 

15 

1? 

30 

4* 

91 



1 

N 
N 

2 

3 
N 



N 
1 
2 
2 
N 
N 



2 
N 

2 

2 
N 

2 



2 
N 

sir 

ND 
N 
2 

ND 



.:■ ^ If- A hut to UH.N2 rx»Mii\e r*v "k i !'t :<-hl.i>* 
csicd PCR. Specimens 15 jnd *ere DHNL posttvc jna 
positive bv IFA but were both negative by RT-PCR- 
F.LISA and nested PCR. Specimens 8 and 180 were recorded 
:s false neeative hv IFA. whereas specimens 15 and 4H were 
. *r -.ceaiAc *v RT-PCR- Fl ISA 



N 

s 



ND 



The nested RT PCR w» perlormed « described b> UncK>m c .1 •*> 
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TABLE 4. 


Specificiry and senstirviry of IFA or RT-PCRELISA to deteci DEN virus or viral RNA from human semm specimens 


Br»<ult And/ Of 

serotype 


No- idenidied by IFA no. 
identified by PCR" 


No. >deniified by PCR.no. 
dennnea c>y ir A 


Specificity* Jkasitnnty - 
IFA PCR IFA PCR 


Posiiivc 
DEN 
DENl 

DEN3 
DEN4 


97^5 
26/25 
36/35 
10/10 
25/25 


97/95 
25/25 
37/35 
10/10 
25/25 


89 *9 98 98 

96 96 

97 95 
100 100 
100 100 


Negative 


16/14 


16/14 




False positive 


2 (IFA) 


2 (PCR) 




False negative 


2 (IFA) 


2 (PCR) 





* Number of specimens identified by IFA/nurober of the same specimen* confirmed by PCR. 

* Number of specimens identified by PCR/number of the same specimens confinned by IFA. 

< Specificity of assay - no. of negatrve specimens^ no. of negative specimens ♦ no. of false-positive specimens) * 100. 

* Sensitivity of assay - no. of positive specimens/(no. of positive specimens ♦ no. of false -negative specimens) x 100. 



species of mosquito in the same geographic area at the same 
time, the isolation of more than one vims from mosquitoes 
or clinical specimens is a possibility. By FCC- and VSS- 
amplimer-mcdiated RT-PCR (15), the RNA species of 11 
medically important flaviviruses can be determined by the 
specific size of amplified DNA. This technique is also 
capable of identifying a previously uncharactenzed or newry 
emerged flavrvirus by use of the FGC amplimcr pair and 
direct nucleotide sequence analysis of the amplified DNA 

Oligonucleotide probe hybridization (2, 6, 8) and rcampli- 
fication with internal amplimers (8) utilize labeled probes or 
rcamplification to increase the sensitivity and specificiry of 
detection. These methods are more sensitive than agarose 
gel electrophoresis but are time-consuming and technically 
demanding. Detection and characterization of flavrviral 
RNA by the integrated target sequence (RT-PCR) and signal 
(EUSA) amplification system are accomplished by using the 
previously defined FGC and VSS amplimer sequences with 
some modifications (Table 1) (15). The Bio-CFD2-4 am- 
plimer and DIG-ll-dUTP used in the RT-PCR incorporate a 
biotin molecule and multiple DIG residues into the amplicon. 
This technique uses biotin-streptavidin as a separation sys- 
tem and DIG-anti-DIG as an indicator system to achieve a 
high level of sensitivity and technical simplicity. We de- 
lected as l ittle as a 10- PFt> equival en t of YF viral RNA, 
■ffdicatmg gg mcUWd IS as S ensitive js jIic nested-PCR- 

"As with PCR cktectionoTother RNA viruses, sensitivity is 
largely determined by the efficiency of reverse transcription 
of the flavrvirus genomic RNA in producing cDNA prior to 
PCR (13). False-negative RT-PCR results were obtained 
when DEN viral RNA isolated from DEN virus- infected 
mosquitoes was used in the PCR (8). Lanciotti ct al. (8) 
speculated that an inhibitory component present in the 
mosquito extract inhibited the PCR. Wc have developed a 
-rthod that facilitates capture of flaviviral RNA prior to 



■ r PCR prior to ^irus isolation . i .*r>ic . . : n suggests inai 
:ne RNA capture procedure Joes remove nonspecific innm- 
itors and concentrates the viral RNA. 
The RT-PCR-ELISA was equivalent to the standard virus 



isolation and IFA protocol in terms of test specificity (89%) 
and sensitivity (95 to 100%) in identifying DEN virus or viral 
RNA in clinical human serum specimens (Table 4). Six 
discordant specimens (Table 3) gave identical results when 
they were retestcd by RT PCR EUSA and nested PCR (8) 
(Table 3). Specimen 15, from which DENl vims wasjeiso 
lated, was the onry sample classified by the two PCRs as 
negatrve. Specimen 48, initially reported to be positive, was 
negative by the two PCRs and virus reisolation, suggesting 
that the virus had been inactivated and the RNA had been 
degraded. Results obtained by two different RT-PCR tech- 
niques for two indeterminate specimens, 91 and 135, differed 
from the initial results obtained by virus isolation and IFA. 
These discrepancies probably resulted from misinterpreta- 
tion of the initial IFA. Unfortunately, we could not reisolate 
virus from these two specimens. Specimens 8 and 180 were 
positive by two different PCR techniques but negatrve by 
virus isolation, suggesting that inactive virus was present in 
these sera. Virus-antibody complexes or inactrvaiion of viral 
infectrvity during manipulation of the specimen may contrib- 
ute to failure to isolate virus. 

The RT-PCR for detection of flavrvirus RNA is approxi- 
mately 100 times more sensitive than an antigen capture 
assay (16). A major advantage of RT-PCR is that it can 
detect multiple flavrvirus species in a single test, whereas 
antibody capture assays arc virus specific. The technique we 
have developed has several advantages over other flavtvirus 
PCR techniques and conventional methods. The entire 
method can be completed within 24 h, in contrast to the 
several days required to culture and perform immunologic 
identification. A single amplification with FGC amplimers is 
required to delect flavrvirus RNA. A second test uses VSS 
amplimers to identify vims. Unlike amplimers that arc 
located in vims structural genes, which are subject to more 
intense selection pressures, amplimers designed for this 
study hybridize with the highly conserved NS5 gene (11), 
which encodes a postulated viral RNA polymerase (14). 

• Ar sr-: rr. r iparvw -»f implic^ns emerald! *v 'h** 

• ; : : :.r -C . .C:\tlf^ * ' • ' - ' ' * 

• .MM'uvf. ,-. • .instruct "r*. - '- irnDiimer* 
,v.;iitaic virus ocniihcatiun in t\ i Pi k. . nc Li.*.Sr\ .fima. 

...i jctecnon ol jmpiicons offers increased sensitivity jno 
is more reliable than the hybridization or ncstedPCR meth- 
ods. 
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Four primer pain were selected on the basis of the published sequence data of four dengue virus ^rotypes 
so that each unique target sequence size could be amplified for each serotype by polymerase chain reaction. The 
n^ocedure consists of (i) RNA preparation. <ii) reverse transcription, and (iii) polymerase chain reaction, al of 
^STi^ -thin 2 h in a single tube for each specimen. The amplified « ^ 

hv ethidium bromide-stained agarose gel electrophoresis was unique for each serotype, using infected culture 
Md fcvf or dengue hemorrhagic fever patients in Thailand. Indonesia, and the 

from prototype viruses, thus facilitating simultaneous identification and typing. 



>ngue viruses of four different serotypes (mosquito- 
-ne flaviviruses) are causative agents of dengue fever and 
lg ue hemorrhagic fever, which arc highly prevalent :n 
pical countries, especially those of Southeast Asia (6). 
e identification and typing of dengue virus isolated from 
Id-caught mosquitoes and from clinical specimens are 
ponant for epidemiological and clinical investigations, 
•velopment of type-specific dengue virus monoclonal an- 
odics has greatly facilitated these steps (8, 9). but it is sull 
K-consuming. In this study, we developed a simple and 
pid method for the detection, identification, and typing of 
ngue virus isolates by using polymerase chain reaction 
CR), a technique for DNA amplification in vitro (16. 18). 

MATERIALS AND METHODS 
Virus strains. The dengue virus strains used in this study 
c listed in Table 1 with their serotype, country of isolation, 
•ar of isolation, and clinical diagnosis. The viruses were 
oculated once to C6/36 cells (10) in tube culture Infected 
jids were harvested 1 week after incubation at 28*C and 
oredat -80 6 C until use. 

Primers. All primers were synthesized with an Applied 
tosvstems DNA synthesizer (model 380B) and confirmed 
>r purity by ion-exchange gel chromatography (Gen-pack; 
Waters). When >1% of an incomplete length of oligomer 
/as observed, the primer was discarded and the sequence 
<as newly synthesized. The nucleotide sequence and refcr- 
nce information of the primers are listed in Table 2. 

RTPCR. (i) Rapid RTPCR. Five microliters of infected 
uid was incubated with an equal volume of detergent mix 
V.} Nonidet P-40. 10 U of RNasc inhibitor [Takara Co . 
Cvoto. Japan) in phosphate -buffered saline I-]) in a 500-u.l 
Lppendorf-type tube for 1 min at room temperature. This 
vas followed by the addition of 90 uJ of reverse transcription 
RTi-PCR mix (100 prnol of each primer. 0.2 mM deoxynu- 
.leosid e triphosphate . 10 mM Tris [pH 8.91. 1.5 mMMgCI^. 
<0 mM KG. 0.5 mg of bovine serum albumin per ml. 0.1, c 
.odium cholate, 0.1% Triton X-100. 10 U of reverse tran- 
■enrta^c [Life Science Inc.) and 2 U of Tth DNA polymer- 



mineral oil. and the tube was incubated for 10 min al 53 6 C for 
RT. PCR amplification (92°C for 60 s. 53°C for 60 s. and 72°C 
for 60 s by thermal cycler; Iwaki Co.. Tokyo. Japan* was 
started immediately after the RT and repeated 25 to 35 times. 
Five microliters of PCR product was subjected to agarose gel 
electrophoresis, and amplified DNA fragments were visual- 
ized by ethidium bromide staining. 

(ii) Standard RT-PCR used in Fig. 1. Five microliters of 
RNA template was heated at 95°C for 3 min and added with 
5 u.1 of complementary primer (100 prnol) in a 500-u.l Eppen- 
dorf-type lube. The mixture was cooled down to 42°C and 
incubated for 5 min at that temperature. This was followed 
by the addition of 40 u.1 of RT mix (0.2 mM deoxynucleosidc 
triphosphate. 10 mM Tn> [pH 8.91, 1.5 mM MgCU. 80 mM 
KG. 0.5 mg of bovine serum albumin per ml, 10 U of reverse 
transcriptase). The mixture was incubated at 53°C for 10 mm 
for RT followed by the addition of 50 u.1 of the following 
mixture: 100 prnol of sense primer. 0.2 mM deoxynucleoside 
triphosphate. 10 mM Tns [pH 8.9]. 1.5 mM MgCl : . 80 mM 
KCI 0 5 mg of bovine serum albumin per ml. 0.29& sodium 
cholate, 0.29S Triton X-100. and 2 U of Tth DNA polymer- 
ase. The reaction mixture was covered by 2 drops of mineral 
oil. and the PCR incubation was performed as described for 
the rapid RT-PCR procedure. 

Dot blot hybridization. Ten microliters of each PCR prod- 
uct was heat denatured at 100°C for 5 mm and mixed with 10 
u.1 of 2 M ammonium acetate. The mixture was blotted on a 
Hybond N membrane I Amersham), using a Bio-Dot appara- 
tus (Bio-Rad). The membrane was washed once with I M 
ammonium acetate, soaked in alkali solution (0.5 i M I NaOH. 
1.5 M NaCI) for 10 mm and neutralized in 0.5 M Tns HU 
ipH 7.5M 5 M NaCI solution for 5 min. The membrane was 
dried and irradiated by UV light (256 nm) for 3 min^ 

The membrane was prehybndized with hybridization 
buffer containing 45<* formamidc (supplied by Amersham) at 
^°C for 1 h. Molecularly cloned cDNA (50 ng) for each 
dengue v,rus serotype, containing the target nucleotide 
sequences, was labeled with ): P-dCTP by using a nick 
translation labeling kit (Takara Co.) in accordance with i the 
manufacturer's protocol. The radiolabeled probe was added 

a-.. ^ « -n,"rhnrr \*;iv. incu- 
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TABLE 1. Information on dengue v.rui strains 



J Clin. Michobiol 



Slram 



Type 



Cooniry 



Do gnosis" 



Dl i Hawaiian) Dl Prototype 

D2 (New Guinea 8) D2 Prototype 

D80-709 02 Thailand 

PhMHlO-84 D2 Philippines 

D80-7<> D - Thailand 

D)(H*87) 03 Prototype 

U2082 D) Indonesia 

l^g-, " 05 Indonesia 

ThCMP.5-82 03 Thailand 

l656 , D3 Philippines 

PhMH23U-82 03 Philippines 

p h MH4-84 03 Philippines 

yjj D3 Indonesia 

04 (H^^l) 04 Prototype 

D80-78< 04 Thailand 

Sl-YO SMBIO 04 Thailand 

No l7 D4 Sri Lanka 



1984 




1980 




1982 


FL'O 


1982 


DHF 


1982 
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sodium dodecyl sulfate for 10 mm 

and at 42°C for 15 min three limes. Then the membrane was 
dried and exposed «o Amersham hyperfilm w„h ,n«ens,fy,ng 
screen at -WTC overnight. 
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FIG I Photograph of an agarose gel stained w,th ethid.utn 
bromide, containing PCR products ob.amed by four different pro- 
cedures and using the dengue v,n.s type 2 pnmer pair lD2S and 
D2C (Lane 1) Purified RNA prepared from 5 ui of .nfected flu,d i5 
x lOVml) was heat denatured and annealed with complementary 
pnmer (D2C) at 42'C for 5 min and reverse transcribed for 10 mm a. 
JVC. as desenbed in Materials ano Method. After R.. PCR , .... ■ ■ 
containing sense primer and Tth DNA polymerase were added ifina. 
S 100 |U) and amphfied. (Lane 2) The same volume of infected 
fluid mm* with Nonidet P-W and RNase mhibitor. as desenbed m 
Mucriak and Methods, was used as tempUte and treated I as iin lane 
M Une 31 Punned RNA was used instead of infected I tad. The res 
of tie procedure is the same as desenbed for lane *<^*£X> 
RT-PCR was performed as described in Malenals and Mejhods. All 
PCR amplifications were done 2J times. 



RESULTS 

Simplification of the RT-PCR procedure. To simplify the 
RT-PCR procedure, four different procedures wen ^com- 
pared (Fig. 1). The lane 1 method is a standard RT-PCR 
procedure in which RNA is punned by phenol-chloroform 
exaction and heat denatured, followed by anneal.ng of 

ornp mentary primer (D2C, and RT prior to .the PCR cycle. 
This procedure involves at least two handlings and mcuba- 
£ of tubes in a water bath prior to the PCR cycle. In Une 
" detergent-treated infected fluid is used as template instead 
of °he punned RNA used in the lane 1 procedure Lane 4. or 
11Z fair PCR was performed as desenbed in Matenals and 
SSSXTM. -fected fluid 
results of rapid RT-PCR. using punfied RNA as template. 

" An^amplificd target DNA band of rapid RT-PCR wUh 
pained RNaIs template- (Jane 3) showed a density as good 
as that in the standard RT-PCR procedure (lane 1) Further- 
more Reeled fluid treated by detergent was jus. as good a 
Template as purified RNA in raptd RT-PCR (lane 3 and 4). All 
orocedures could be completed within 2 to 3 n. J . , , 
WUrlty oT rapid RT-PCR (Fig. 21- Infected fluid of 



TABLE 2 Nucleotide sequences of dengue vims primers 



Code" 



Sequence 



Position 



71* 



Retcrencets) 



dengue virus type 2 was diluted 10-fold with Eagle minimum 
2.1 medium, and 5 *l of each diluted sample was 
subjected to the rapid RT-PCR procedure, using pnmer* 
D2S and D2C to evaluate the detection limit. After 25 cycles, 
the amplified target DNA band was detected in MOO-*";"* 
sampTes. or approximately 25 PFU of vims ,n each reaction 
ube (Fig. 2a) By 35-cycle amplification, pos.t.ve result> 
were obtained from hl.OOMiluted samples, correspondtni 
to ?5 PFU/reaction tube (Fig. 2b). Thus, the sensitivity o 
Z.U bt pen usina infected fluid, s sufficient to detec 
ZH • v«S genSScted fluids of 500-PFU/ml vin, 

""serotype speelfklty of each primer pair. The sequences o 
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no. 3. Identification ofdengue virus serotype by de^^ 
rcmc primer pairs. Infected fluid (J * 10* to 8 « 10 PFU/m ) of 
h dengue prototype v.rus was mixed with detergent m« conttio- 

nnmers (D1S and DlC. D2S and D2C. D3S and p)C. and D4S 
D*C 100 pmol each) and subjected to the RT-PCR procedur, ra. 
scribed in Material, and Methods. Dl. dengue v«.s type LOT. 
neue virus type 2: D3. dengue v.rus type 3. Da. dengue vrus type 
££y£ viruses. Dengue virus types 1. 2 3 and 14 show ™que 
Vhs of amplified DNA fragment: 490 2 30. 320 .and WJ »P- 
soectively. (c) Dot blot hybridization with cloned cDNA probe ot 
chWe vinjs serotype The PCR product of each dengtK «.n» 
« in panel b was doited on the membrane and hybnd.zed with 
7h serotype-spec.fic radiolabeled probe, as descnbed in Materials 
id Methods. 

engue vims serotype-specific primer pairs were selected 
om published data (3. 4. 14. 15. 17 20) by computer 
nalysis. Each pnmer pair reacted well to its homologous 
mis. and the size of each amplified DNA corresponded 
losely to the expected size (490. 230. 320. and 398bp for DL 
32 D3. and D4. respectively), which was calculated from 
he nucleotide sequences (Fig. 3a). The sensitivities of Dl. 
)3. and D4 primer pairs are 8. 3.0. and 3.5 PFU/reaction 
ube. respectively. . . 

All four primer pairs were then mixed and examined to 
letermine whether or not heterologous primers^ create a 
background DNA band in addition to the target DNA band. 
Figure 3b shows that only the target DNA fragments were 
impl.fied even when four sets of primers were present in the 
RT-PCR reaction mixture, indicating a high specificity of 
each primer pair for its homologous serotype. 

We investigated the crossreacrijrit^ofjhfise four pnmer 
pairs to other flaviviruse7T3cTlfucTypeL Japanese enceph- 
alitis. St. Louis encephalitis. Murray Valley e "«P h » l,M *- 
and West Nile viruses were examined, using >Hr PFU ol 
e.ich virus per tube in the reaction mtxlures. No obvious 

.. i , ,.u r . fl v . ... , r: ..r^ 'fir* P> R 



FIO 4. Photograph of an agarose gel stained with eih.dium 
bromide, demonstrating the serotype specificity of the four pnmer 
pa.rt among Southeast Asian dengue v,rus strains The results are in 
complete agreement with serological results. Lanes: I. strain D» 
709. 2. PhMHlO-84: 3. D80-753.4. U20-82: 5. 16-82:6. ThCMPt5-82. 
7. 16562: 8. PhMH2311-83:9. PhMH4-84: 10. Vll: 11. D80-785. 12. 
SI-YOSMB10. 13. No. 17 



These observations demonstrate the specificity of the 
primer pairs for each dengue virus serotype among the 
flaviviruses. . 

Reactivity of the primers to various isolates in Southeast 
Asia. We investigated the specificity of the primer pairs to 
dengue virus strains isolated from patients' sera in Southeast 
Asia. Figure 4 clearly shows the serotype specificity of the 
four primer pairs for the dengue type 2. 3. and 4 virus strains 
in Southeast Asia examined thus far. 

DISCUSSION 

The four sets of primers we selected each showed type- 
specific reactivity with sufficient sensitivity to the isolates 
collected in Thailand. Indonesia, and the Philippines as well 
as to prototype viruses, indicating that the sequences of each 
primer were well conserved in each dengue v.rus serotype 
isolate in Southeast Asia and highly specific to the respective 

* The ^6/36 cells ( 10) can be used for dengue virus isolation 
from patients' sera and from field-caught mosquito homoge- 
nates as an improved virus isolation method (11 WK we 
examined C6/36 cell culture fluids inoculated w,th patients 
sera by using our rapid RT-PCR method and confirmed that 
the system worked very well on these ^P nmar V" fc r "id 
culture fluids (data not shown). Since all procedures of rapid 
RT-PCR were completed within 2 h and the results of the 
serotypes were consistent with those determined by immu- 
nological examination (immunoperoxidase staining of the 
mfected cells by using dengue virus type-spec.fic monoclo- 
nal antibodies), in which lb samples were ,n M^"** 
(unpublished data), the method was shown to be useful ror 
clinical and field specimens. 

Since the number of cases of dengue v.nis infec .on is 
mcreasing (6). the disease is a senous health problem ,n 
tropical areas. It is important, therefore, to hav r liable 
method io prove the vims infection and to -den ,fy the 
serotype for clinical diagnosis and epidem.ologica stuoY 
Laboratory diagnosis of primary dengue virus '"^.-on can 
Ke performed hv immunoglobulin M-cap.ure enzyme- nked 
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virus, because of the "qpginal anngenic sin" phenomenon 
<7). Needless to say. serodiagnosts can be made afier the rise 
in antibody. 

Thus, the most conventional and reliable method to deter- 
mine the virus serotype is virus isolation from the patient's 
serum followed by immunological examination, using mono- 
clonal antibodies (8. 9). If the method we describe is applied 
directly to dengue virus patients' sera, the diagnosis and 
virus serotype identification can be done at the same time 
with a single-tube reaction. We are planning the clinical 
application of this method in an epidemic area. 
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Rapid Detection of Virus Genome From Imported 
Dengue Fever and Dengue Hemorrhagic Fever 
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Serum specimens from patients withj mported 
rip nnue fever and_d gnoi[£ nfimorrhagic Jatfir 
vJere directly subjected to reverse transcr.pt.on 
^nd polymerase chain reaction (RT-PCRI without 
any RNA purification. The amplified virus ge- 
nome was detected within 3 hours. The results of 
PCR corresponded closely to the results of v.rus 
isolation using cultured mosquito cells, suggest- 
ing that direct RT-PCR procedure greatly facili- 
tates rapid diagnosis of dengue infection. 
© i994Wiley-Liss. Inc. 

KEY WORDS: virus diagnosis, direct RT-PCR. 
flavivirus 



INTRODUCTION 

Dengue/dengue hemorrhagic fever (DHF) caused by 
fouSypesof dengue virus is a signtneant health 
nmblem in tropical countries [Halstead. 1980. 19901 
ff e World Health Organisation (WHO) estimate , Ujat 
30-60 million cases occur every year around the world 
IWHO 1990). including imported dengue cases found 
among travetar. returning from tropical countries re- 
ported in nontpidemic countries such as the , Ln.ted 
States ICDC. 1991; Malison and Waterman. 1983 ^Mo- 
SnTe al.. 987; Scully et al.. 1989] Japan lOkuno 
etal 19891. New Zealand (Mills and Jones. 19911. 
South Africa JBlackburn and Rawat. 19871. and else- 

W Classical dengue is generally characterized by typi- 
cal clinical manifestations and a ben.gn prognosis On 
• .Hp, hnnd DHF often occurs among children and 



established a rapid PCR method by which identifica- 
tion and serotyping of dengue virus can be done at the 
same time in a single tube reaction using dengue virus 
infected fluids (Morita et al.. 19911. Because dengue 
infection is an acute viral disease, a speedy *<Mf™»» 
contributes enormously to the results of clinical treat- 
ment for affected patients. ^ . 

We describe the modification of a rapid PCR method 
and its application to clinical specimens of imported 
dengue fever and DHF patients without RNA punfica- 
tton thereby achieving better clinical results. 

PATIENTS AND METHODS 
Patients 

Patient 1 is a 2-year-old J«P"*^.^5** 
ited Bangkok. Thailand, and developed high fever and 
rash 3 days (November 18. 1991) after "tunung home. 
While in the hospital the patient had hepatomegaly 
edema of the extremities, ascites fluid, and decrease of 
platelets, but the tourniquet test was negative^ 
P Patient 2 is a 38-year-old Japanese man who devel- 
oped a high fever during a trip to the Pml.ppmes and 
returned to Tokyo on the fourth day after onset (Janu- 
ary 20. 1992). While in hospital he had P^* 5 - de- 
crease of platelets and hemoconcentration, and the dis- 
ease was diagnosed as grade II DHF. 

Patient 3 is a 34-year-old Japanese nurse who , had 
never been overseas but who suffered an accidental 
needle puncture while taking ore i of patient 2. She was 
hospitalized for high fever on the fifth day (January 25. 
1992) after the accident but did not have any other 

remarkable complications. 

Elevation of anti-dengue antibodies waacorifirmed m 

all three patients by the hemagglutination "nhtbtUon 
in™ * °nd IeM rapture enzyme-linked immunosor- 
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Direct Rapid RT-PCR for Dengue 

TABUS l Nucleotide Sequences of the Dengue Primer* 



Code- 



Sequence 



Target sue 
«bps> b 



490 

230 



ni<; GCACTGCGTATCGAGTTTTG m 

Rc ^gSttgtggcctaatcat 

D2S GmCTCTKAA^<raA 

D9r gtcttattttgatttccttg 

MS GTCCTrACACAGCCCTATTT 320 

rvir TCCATTCTCCCAAGCGCCTG 

Ss JS™GGCTGTGTTG^ 398 

Bic rrrCA TCCTGCTTCACTTCT 



■Dl. 2.3.4; dengue type 1.2.3.4; S. sense pnmer: C. complementary 
pnmer. 

G bps. baae pair*. 



Virus Isolation 

Serum specimens from the patients were inoculated 
on Aedes albopictus cell clone C6/36 as described previ- 
ously [Igarashi et al., 1982; Tesh, 1979). The culture 
fluids of the inoculated cells were harvested on the 
fourth day after the inoculation and transferred to new 
C6736 cells. On the third day of the second passage, the 
cells were harvested and stained by indirect lmmuno- 
peroxidase staining using anti-dengue type-specific 
monoclonal antibody. The infected fluids were then ex- 
amined by rapid reverse transcription <RT)-PCR as de- 
scribed previously (Morita et al., 19911. 

Serological Examination 

The HI test and IgM capture ELISA were earned out 
as described by Clarke and Casals [1958) and Bundo 
and Igarashi (1985). respectively. 

Primers 

All primers were synthesized using an Applied Bio- 
systems DNA synthesizer (Model 392). The purity of 
the primers was confirmed by ion-exchange gel chro- 
matography (Gen-pack, Waters). When more than 1% 
of incomplete length of oligomer was observed the 
primer was discarded and the sequence was synthe- 
sized anew. The primer sequences used to detect each 
serotype of dengue virus and their target size are listed 
in Table I. 

RT-PCR 

Rapid RT-PCR was carried out as described previ- 
ously (Morita et al., 199U with some ratification. In 
short, 5 ul of serum specimen was mixed with an equal 
volume of 1% Nonident-P 40 in phoapha^ buffered sa- 
line (PBS( - )] with 100 units of RNasein (TAKARA Co., 
Japan) followed by 1 min incubation at room tempera- 
ture. Ninety microliters of RT-PCR mix (100 pmol of 
sense and reverse primers, 0.2 mM dNTP, 10 mM Tns 
[ P H 8.9), 1.5 mM MgCl,, 80 mM KC1, 0.5 ™*™\*™P? 
serum albumin IBSA], 0.1% sodium chelate 0.1% Tn- 
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chine UWAKI Co. Tokyo, Japan), and subjected to pro- 
grammed incubation: 5 min at 53 °C for RT once, fol- 
lowed by 40 PCR cycle (92 °C for 1 min, 53 °C for 1 mm, 
72°C for 1 min each). The entire procedure is shown as a 
schema in Figure 1. Four independent reaction tubes 
containing each dengue type-specific primer pair were 
run for each specimen. 

After PCR amplification, 5 ^1 of PCR product was 
mixed with 1 ul of dye solution (1% sodium dodecyl 
sulfate ISDS], saturated bromophenol blue and xylene 
cyanol) and subjected to agarose gel electrophoresis. 
Amplified DNA fragments were visualized by ethidium 
bromide staining. 

Southern Blot Hybridization 

Amplified DNA band was denatured with alkali and 
Southern transferred onto nylon membrane. Oligonu- 
cleotide of the internal sequence of the target DNA, i.e., 
5'-GGA,1TC.TGC.TGA.CAT,GGC,TAG,GAT,TAA^-3' 
(2286-2313 nt) for dengue 1, was labeled with horse 
radish peroxidase using the ECL 5-thio oligo labeling 
system (Amersham) and hybridization and detection 
were performed according to the manufacturer's man- 
ual. 

RESULTS 

We applied this rapid RT-PCR procedure, which was 
shown to facilitate simultaneous identification and se- 
rotyping of dengue viruses using virus infected fluid 
[Morita et al., 1991), to serum specimens from three 
imported dengue patients. 

At the beginning of the procedure, 5 ul of each serum 
was incubated with an equal volume of 1% Nonident 
P-40 and 100 units of RNase inhibitor in PBS. This 
treatment was necessary to disrupt virus particles and 
thus ensure that viral RNA could be a template for RT. 
The treatment has been effective on many other flavivi- 
ruses such as Japanese encephalitis virus, yellow fever 
virus. West Nile virus, Murray Valley encephalitis vi- 
rus and Saint Louis encephalitis virus for direct RT- 
PCR (data not shown). RNase inhibitor was alsoan 
indispensable reagent in this step of the direct RT-PCR 
because of the rich contamination of ribonuclease in 
human sera. 

Figure 2 shows successful gene amplification using 
the method from t he two de ngue frvftr and one DHF 
p atients d escribed in the Patients and Methods section. 
The sera on days 3 and 5 after onset from these three 
patients did not possess any anti-dengue antibody^ The 
serotype of the causative dengue virus was considered 
to be type 1 (Dl) because of the target size in all three 
cases. Dengue viruses were also isolated from all three 
specimens and the serotype was confirmed using Dl- 
specific monoclonal antibody. All procedures, from se- 
rum specimen processing to identification of virus sero- 
>vpp on aeamse eel electrophoresis, were completed 
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Fig. 1. Schema of direct rapid RT PCR procedure. 



ble II) Virus genome was detected in the specimens 
from days 3 and 5 (Fig. 3) and the results were compat- 
ible with those of vims isolation. After day 8, the virus 
was no longer detected by PCR or virus isolation and 
anti-dengue IgM antibody was confirmed on days 8, 10. 

and 23. L 

This rapid method was also carried out using another 
Dl-specific primer pair, DK + ) and Dl(-), described by 
Deubel et al. [19901. and a positive result was obtained 
with the same convenience, suggesting that our proce- 
dure is useful for other primer sequences of naviviruses 
idata not shown). 

The efficiency of the one-step PCR described was 
compared with normal PCR performed after RNA ex- 
traction and ethanol precipitation iFig. 4). The sensi- 
tivity of direct RT-PCR was one log lower compared 
with normal method where extracted RNA was used as 
templates. 

DISCUSSION 
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TABLED Reaults of Virus Isolation. Serological Examination and Polymerase Chain 

Reaction of Patient 1 
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•D 1. 2.3.4. dengue type 1,2.3.4. 
b End point titers of HI test. 



Days post onset 
pc 24 11 8 5 3 



— Origin 




(B) 

Fig. 3. Detection of Dl genome from the peripheral blood of patient 
1 using Dl specific primer pair*. A: Scrum apecim^, roUectedfrom 
the petieot sequentially, were subjected to direct RT-PCR procedure 
as described in the Patients and Methods section. The results using 
deneue 2. 3, 4- specific primer pairs were all negative (data not shown). 
Further confirmation of amplified DNA band by hybridizing of Dl- 
specific oligonucleotide probe is shown B. Dl, dengu* 1; D2. dengue 2; 
D3. dengue 3; D4. dengue 4. positive control. 
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Fig. 4. Comparison of sensitivity between direct RT-PCR and nor- 
mal RT-PCR after RNA extraction. A: Positive serum from patient 1 
was diluted with normal human serum by ten fold dilution manner 
and the RNA was extracted by conventional phenol chloroform extrac- 
tion. The extracted RNAs were subjected to RT-PCR as described in 
the Patients and Methods section. B: Diluted serum as described in (A) 
was subjected to direct RT-PCR procedure. The numbers indicate ex- 
ponent of 10 in serum dilution. 



be carried out only after the rise in antibody. These 
diagnostic methods are therefore of little use for clinical 
management. 

Several groups of dengue investigators have already 
agreed on the usefulness of PCR as a rapid diagnostic 
method for denjrue infection (Deubel et aL 1990; El- 

• w m -. • • it t * • 

racted by i-unventp»ndi iifinoas loiioweo nv ruin etna 
nol precipitation and where cDNA was synthesizes 
independently before PCR amplification (Deubel et aL 



1990: Henchal et aL 1991; Laille et aL 19911. These 
procedures still require much time and labor, and of 
course increase the chance of contamination. 

We r rhieved a 3-hour diagnosis by template prepara- 
tion with nonionic detergent and modification of the 
RT-PCR procedure. This procedure therefore satisfies 
-,.r-»> P t f -ipjdirv *or practical diagnosis of 

• ■•"■iiiU- 
.t'liifUt? v.i>e> :»'p«»ruii * i*\ir»*. ■irihtm.sirau- ..m . - 
:»ess ol direct KT KK beiurv ihe appearance ••! n». 
dengue antibodies. 



bv 



tct 
ut- 
ar\ 

act 
J i 
'C 

flu- 

J 

I of 

sof 
iral 
• of 

jCv. 



iouhnal of Clinical Micros, 
!X 9 j.'137^1'030545-O7SO2 0(VO _ 
Copyn&ht O 1992. Amencan Soctciy 



octeiy formic 



icrobtoiogy 



L> 



Rapid Detection and Typing of Dengue Viruses from Clinical 
Samples by Using Reverse Transcriptase-Polymerase 

Chain Reaction 

ROBERTS. LANC10TT1." CHARLES H. CALJSHEJ DUANE J GUBLER. 
GWONG-JEN CHANG, and A. VANCE VORNDAMt 

Division ofVraor-Bornr Infectious Diseases. National Cenferfor If ^"L?^""' 
Centers for Disease Control. P.O. Box 2087. For, Colhns. Colorado 80522 

Received « September 199VAecepted 2 December 1991 
W, report on the deveK>pmen« and a^-*.' ^'Z'JZX^S^U^ SS 

S detected and typed from Uremic human senim sample*. 




Dengue viruses (family FlavMndae. i*™"™"™* 
occur as four antigenically distinct serotypes. Infection with 
S of .hem generally leads to a mild, f ' b "'« 
illness (dengue fever). However, a more "vere form of the 
disease. moving vascular and hemostatic abnonnal.t.es 
Idengue hemorrhagic fever^iengue shock syndrome : |DHF- 
DSS1). is responsible for a high monality ra e. pnmanly 
amS children. Indeed. DHF-DSSis » leading cause of 
hospitalization and death among children in Southeast Asa 
where more than one million cases were recorded p between 
1987 and 1989 (8). Over 30.000 deaths due to DHF-DSS in 
children have been reported worldw.de since 1950 (7). 
Millions of human dengue infections occur each year, and 
over two billion people are at risk of infection. 

These viruses are transmitted between humans pnmanly 
by Aedes aegypti and Aedes albopictus mosquitoes and arc 
endemic in most areas in which the vectors occui r (5). ta 
dengue endemic areas, dengue infections are recorded an 
aually . with nonimmune children being the principal suscep- 
tible hosts. In addition, epidemics occur ^e" a vector is 
introduced into previously dengue-free areas (8) . The viruses 
replicate in cells of the macrophage-mononuclear ^cel I ta 
eage. and the severity of disease appears to be correlated 
with the ability of the viruses to mfec these -cells Uh 
Infection with one of the serotypes stimulates the product on 
of neutralizing antibodies directed pnmanly 
envelope protein, conferring belong immuni yw the sero- 
tvoe The existence of waning neutralizing antibodies to one 
SyS may promote the enhancement of infection upon 
subsequent infection with another serotype. >» J» m£ 
body^ependent enhancement mode . severe disease » pos 
lulated to be the result of heterologous, nonneutralmng 
antibodies facditaung virus infection of mononuclear cells. 



Alternatively, it has been postulated that there exist viral 
and/or other host factors which may be primary nsk factors 

in the production of more severe disease (5. 7). 

Whether severe pathogenesis is caused by anubody-de- 
pendent enhancement or by some other mechanism, tools 
for rapid and specific laboratory diagnosis, including virus 
typing, are needed. Such diagnosis is necessary so that 
appropriate prevention, treatment, and control measures can 
be initiated and accurate epidemiologic data can be main- 
tained. That one of the four dengue virus serotypes is 
responsible for a particular infection can be * m[ °V^Y 
deduced by traditional assays, including serum dduuon- 
olaque reduction neutralization, complement fixation, or 
hemagglutination inhibition. The infecting serotype is in- 
ferred by measuring a fourfold or greater nse or fall m 
antibodies to the particular serotype. In practice, specific 
diagnosis often isTot possible because of the extensive 
cross-reactivity of antibodies to flaviviruses. particularly 
between dengue viruses (10). Paired serutz , samptes are 
needed; this requirement causes a delay in diagnosis, and 
results are rarely clear-cut. 

vJus isolation from patient serum collected ,n ^tbe acme 
phase of illness or from arthropod vecton^ be accom- 
plished with cell cultures or mosquitoes. Currency - the ^iost 
sensitive method of virus detecuon is inoculation of adulM. 
cegypti or Toxorhynchitt, species mosquitoes and 1 fluores- 
cem antibody staining of mosqu "bra^'su" • »t* 
virus type-specific monoclonal antibodies (6). However 
ru isoUtioKes from days to week, and - not always 
successful because of small amounts of viable virus i in the 
nocula. virus-antibody complexes, and "Wproprutehan- 
dling of samples. A clear need exists for an assay that can be 
perfomed rapidly and that is sufficiently sensitive and 
He to be clinically and epidemiological* useful 
Spe ™ vrlorment of the polymerase chain reacuon (PCR) 
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"tabBe L Oligonucleoudc pnmers used 10 amplify ano^ ^rngue viruses 



r 



Pnmer 



Sequence 



Genome po*inon" 



Size, m Dp. of amplified 
DNA product Ipnmerji* 



Dl 
DI 

TS1 
TS2 
TS3 
TS4 



V-TCAATATCCTCAAACCCCCCAGAAACCC-V 
'5-TT(;CACCAACACrrCA , ATGj , rCTTCACGTrC-)' 

5-CGTCTCAGTCATC:CGCCG-3' 
S'-CGCCACAAGCGCCATCAACAC-V 
V-TAACATCATCATGAGACACACC)' 
5 'CTCTGTTGTCTTAAACAAGACA-3 



134-161 
6lo-644 

568-586 
2J2-252 

40(M21 

506-527 



511 
511 

^82 (Dl and TSl) 
119 (Dl and TS2) 
290 (Dl and TS3) 
392 (Dl and TS4) 



^ genome pos.non, of 01 and D2 are accord.ng ,o <he dengue type v.rus I poshed sequence : (21 .nd the map po^n of ihe den.ue 
; fir nnmVri iTSl TS* TS) and TS4) are given accortJing to ihe»r respeciive pubhshed sequencei (2. 9. 12. 15) 
ze SZ ™luL t^lUiLll w,.h each of .he type spec.fic pnmcr* .TS I ,o T*> was deierm.ned from .he pnm.n, potion of pnmer D, *„ hm 
cKh^pe^ Dl ,n each dengue v,n» genome w„ >s follows: .ype L 103: type 2. IM: type 3. 1)2. >nd type 4. 136. 



that would detect and correctly type dengue viruses in scrum 
samples from humans with dengue fever or in mosquitoes 
infected with dengue viruses. The data presented in this 
paper demonstrate that this assay is sufficiently rapid and 
accurate to allow reliable case diagnoses and to be useful in 
epidemiologic studies. 

MATERIALS AND METHODS 
Virus strains, virus seeds were obtained from the collec- 
tion at the Division of Vector-Borne Infectious Diseases. 
Centers for Disease Control. Fort Collins, Colo. Prototype 
dengue virus strains (dengue virus types 1 (Hawaii). 2 (New 
Guinea CI. 3 (H-83^«iiiLli^241)) were titrated in Vcro 
cells by a standaflplaque assa>> 

RNA extraction>^a^RN3^s isolated by a modified 
form of the procedure described by Chomczynski and Sacchi 
(1) In brief, human serum samples or supernatant fluid from 
virus-infected cells was mixed with an equal volume of 
guanidine isothiocyanate lysis buffer: 8 M guamdine isothio- 
cyanate. 50 mM sodium citrate, 100 mM 2-mercaptwthanoL 
1% Sarkosyl. and I ng of yeast tRNA per ml. For RNA 
extraction from infected cells, we used a hair concentration 
of lysis buffer. The solution was sequentially mixed with the 
following (all added in relation to the final volume of sampte 
plus lysis buffer): a 1/10 volume of 2 M sodium acetate (pH 
4) an equal volume of water-equilibrated phenol, and a2/10 
volume of chloroform. The mixture was centnfuged at 
16 000 x g for 15 min, and the aqueous phase was removed 
and combined with an equal volume of tsopropanol to 
precipitate the RNA. After centnfugation. the resulting 
RNA pellet was washed with 75% ethanol and dissolved in 
water. Control RNA used in sensitivity studies was quanti- 
tated by spectrophotometry analysis at 260 nm, and me 
concentration was calculated as follows: one unit of optical 
density = 40 }ig/mJ. 

Selection and fyiitbesb of oligonucleotide pruners. Dengue 
virus consensus primers Dl and D2 were designed from 
available published sequences with the aid of a sequence 
analysis computer program (2, 9, 12, 15). The following 
criteria were used in designing the primers: (i) maximum 
homology to the four serotypes, (ii) high melting tempera- 
ture and (iii) nonhomology to other regions of dengue virus 
genomes. Primers Dl and D2 fulfilled these criteria and are 
shown in Table 1, along with their genome positions and 
product sizes when used in enzymatic amplifications. The 
Type-specific primers shown in Table 1 (TSL TS2. TS3. and 



sizer and standard phosphoramidite chemistry and punfied 
on a NENSORB (DuPont NEN. Boston. Mass.) column. 

Amplification of dengue virus RNA. Target viral RNA was 
converted to a DNA copy (cDNA) prior to enzymatic DNA 
amplification by use of reverse transcriptase (RT) and the 
dengue virus downstream consensus primer (D2), homolo- 
gous to the genomic RNA of the four serotypes. Subsequent 
Taq polymerase amplification was performed on the result- 
ing cDN A with the upstream dengue vims consensus primer 
(Dl). All relevant aspects of the KfPCR (MgCi 2 , primers. 
RT. Taq polymerase, number of cycles, and annealing 
temperature) were initially optimized by use of quantitatcd 
purified dengue virus RNA to achieve a maximum level of 
sensitivity. Of particular interest was the observation that 
rav-2 recombinant RT (Amersham, Arlington Heights, III.) 
consistently yielded at least 10-fold more amplified product 
than did Moloney murine leukemia virus RT obtained from a 
number of manufacturers (data not shown). The amplifica- 
tion reaction was routinely performed^ bj^cqmbining the 
r f verse rjgngnpjgn "f gra TTOTA and the subse quent Taq 
polymerase amplification in a single reaction vessel. TTus 
m ^^-^n ll Mf ntlv viel f lrn an f T"" ™ « weaicr level of 
HrtnfiTe^trand cd DNA product as s eparate RT reactions and 
PCRsrTarg eTKKA w a* *m P jTft>d in 100-ul volumes contam- 
nhTThc HlT wi "n ™™p n " gnt *- 50 mM KC1 - 10 mM Tns j pH 
8 51 1 * mH^jfl, \) \}\^ BSE 200 uJVl eacn ot me i our 
dec^flrjcT«fia^ 5 mM dithioUireitol. 50 pmol 

each of primers 1 and 2. 2.5 U of rav-2 RT and 2.5 U of 
Amplitaq polymerase (Perkin Elmer. Norwaik, Conn.). The 
reactions were allowed to proceed in an Encomp (San 
Diego Calif ^ thermoevcier proRr""™" ri ' 9 incubate for L fa 
at 42*C and ^"LL" pnv^d with 35 cycles of denaturation N 
(94»C ft s). primer anne aling (53^. lj mn), and pnmcr w 

extension u rc , 1 mi n) . - ~ ~ 

. — |, ~ | * i ■ ■ 



4Se^ rus 'typing by dot blot h l ter hrbridtoboo^TtEr- 
J5ET product 10-Vl portion of the RT-PCR mtxmre 
was denatured in 0.) M NaOH at 65*C for 30 nun and then 
immobilized on four separate Duralon membranes (5trau- 
K ene. La Jolla. Calif.) by use of a 96-weU vacuum manifold. 
The DNA was fixed to the membranes by UV .rTadution for 
15 s with a UV Straialinker 2400 (Stratagene) and then stored 
until tested by hybridization. Oligonucleotides for type- 
specific hybridization were 3' end labeled *«M.go«geniri 

(DIO-UTP (Boehringer M^rv^^Kr uft 100 
combining the oligonucleotide (10 nM) wi h DIC UTP 100 
aM) and 15 U of tenninal deoxynucleotidyl transferase (L.fe 
trl ™4« 'nc r,aither,hunt. Md.) in the buffer «jd- 
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, «n ™d hrncc less sensTTTVe iri^Tybndization reactions 
^ 'not sSS Each membrane was hybndized with one 
f hJ four deneue v.rus type-specific oligonucleotides in 
iZ^^S*** SSC[lX SSCsO.UM NaCI plus 
fll5 M sodium citrate). 1% blocking reagent IBoehnnger 
,i Inheiml 0 1% N-lauroylsarcosine. 0.02% sodium dodc- 
I sulfate (SDSI) containing 100 ng*f labeled oligonucleo- 
-\ DC r ml Hybndization reactions were performed for 16 
' J h al 42°C Membranes were washed twice for 20 mm 
och time m 2x SSC-0.2% SDS and tw.ee in 0.2x SSC- 
TV* SDS The bound probes were detected by incubation 
>,~th alkaline phosphatase-labcled antibody to DIG and 
L umi-Phos (Boehnnger Mannheim) in accordance with the 
manufacturer's protocol. Visualization of bound probes was 
accomplished by exposing Kodak XAR film to the mem- 
branes for 3 to 15 min. 

Dengue vims typing by second-round amplification witn 
t>pe-specific primers (nested PCR). A second amplification 
reaction was initiated with 10 uJ of diluted matenai (1:100 in 
sterile distilled water) from the initial amplification reaction. 
The reaction mixture contained alt the components de- 
scribed for the initial amplification reaction with the follow- 
,ng exceptions: primer D2 was replaced with the dengue 
Jus type-specific primers TS1. TS2, TS3. and TS4, and 
Hithinthreitol and RT were eliminated. The samples were 
subjected to 20 cycles of denaturation (94°C. 30 s). pnmer 
annealing (55°C. 1 min), and pnmer extension (72 C. 2 mml 
\ 15-iU portion of the reaction product was clectrophoresed 
on a 4% composite agarose geKNuSieve 3:1: FMC BioProd- 
ucu. Rockland. Maine) in 0.4 M Tris-0.05 M sodium ace- 
iatc-0.01 M EDTA buffer. Because of the position of pnming 
with each of the dengue virus type-specific pnmers (Table 1). 
the size of the resulting DNA band was characteristic for 
each dengue virus type. 

Infection of mosquitoes and verification of infection. Insec 
ury-maintained A. argypn mosquitoes were infected by 
■ntrathoracic inoculation with undiluted human serum that 
had been shown in other assays to contain dengue type 2 
vims. Mosquitoes were incubated at 3(TC and 60 to 75% 
relative humidity. Pools consisting of five mosquitoes were 
removed daily, beginning 2 days after inoculation, and 
frozen for RT-PCR analysis. At 10 days after inoculation, 
dengue type 2 virus infection was verified by testing of a 
random sample of these mosquitoes by a direct immunoflu- 
orescence assay (DFA) of head-squash matenai with a 
conjugate prepared from high-liter human scrum. 

Detection of dengue viruses in mosquitoes by RNA capture 
prior to amplification. Amplification of RNA isolated from 
dengue vims-infected mosquitoes initially yielded negative 
results. Because the mosquitoes were known to be infected, 
as verified by the DFA, we postulated that an inhibitory 
component was present in the isolated RNA. To resolve this 
problem, wc used a dengue virus RNA capture step poor to 
the RT-PCR. The D2 consensus primer was 3 end labeled 
with biotin-14^1AT? by use of terminal ^wxynucleoudyl 
transferase as described above for DIG-UTP. The labeled 
oligonucleotide was immobilized on strepavidin<oated mag- 
netic beads (Dynabeads; Dynal. Great Neck, N.Y.) by 
combining 100 uJ of the bead suspension (binding capacity . 
200 pmol of labeled oligonucleotide) with 200 pmol of the 
biotinylaied oligonucleotide. After 10 min of incubation at 
room temperature, the beads were washed four times in bead 
•-nh hnffer fO ? M Tns f P H "1 0 2 M NaG) by use of a 



5 min and slowly 



, ,„.„ ^^J\o 42°C for 5 mm to allow the RN a 

to anneal. The beads were washed twice wuh bead wash 
buffer and mixed wuh 10 ^1 of water, and the mixture was 
heated to 70*C to elute the RNA. 

Detection and typing of dengue viruses from viremic human 
serum. Human serum samples wercj^inejU*oai patients 
wuh clinically ^haractenze^L-jg^ confirmed 
dengue intfrT^an TTwere tested by th e RT-PCR assa y. 



These samples had previ ously bten shown to contain dengu e 
viruses bv isolation in ma: air 



intrathoracic Inoculation o! 
described above 



alboptctus cell cultur es or by 
Inosquitoes and the DFA as 



u, «^w.Tfengue virus serotypes were determined 

by an indirect immunofluorescence assay UFA) with dengue 
virus type-specific monoclonal antibodies (6). We tested 
samples obtained from persons with cither classical dengue 
fever or DHF-DSS during several epidemics in Southeast 
Asia and Puerto Rico. The samples from Southeast Asia had 
been stored frozen at -70°C with occasional to multiple 
thawings over a 10- to 15-year period. The samples from 
Puerto Rico were from more recent cases (less than I year 
before our test) of dengue fever in Puerto Rico. 

RESULTS 

Specificity of the RT-PCR. RNA isolated from each of the 
four dengue virus reference strains was subjectc- to t..e 
RT-PCR assay. The correctly sized DNA product (511 bp) 
was obtained for each of the dengue viruses after amplifica- 
tion with consensus primers Dl and D2 (Fig. 1A). tacn 
DNA product was correctly typed when assayed by cither 
dot blot hybridization with the type-specific probes (Fig. 2) 
or a second round of amplification with the typc-spccihc 
primers (Fig. IB). The specificity was also verified by 
performing the nested PCR assay on 33 unique dengue virus 
isolates representative of most of the defined geographic 
topotypes (Table 2) (14). In addition, the RT-PCR assay was 
tested for specificity by attempting amplification reactions 
with purified RNA from five dengue virus-related ftavm- 
ruses (West Nile. Japanese encephalitis, St. Louis enceph- 
alitis, yellow fever, and Edge HiU). Viruses of the Japanese 
encephalitis complex (Japanese encephalitis. West Nile, and 
St. Louis encephalitis) were amplified in the first-round 
amplification reaction with consensus pnmers Dl and DZ to 
generate DNA products of 511 bp for West Nile and St. 
Louis encephalitis virus and 550 bp for Japanese encephalitis 
virus, in agreement with the published sequences Fig. 1A). 
Yellow fever and Edge HiU viruses were not amplified wuh 
the consensus primers (Fig. 1A) A faint DNA band I of 
approximately 150 bp was observed for Edge but was 
likely due to nonspecific amplification. "ncfP"* 11 * 5 "J? 
size were occasionally observed in other PCRs. The DNA 
oroduct obtained after first-round amplification of Japanese 
encephalitis. West Nile, and St. Louis encephalitis viruses 
did not react with the dengue virus type-specific oligonucle- 
otide probes in dot blot hybridization experiments (fig. ih 
In addition, no DNA products were obtained when these 
amplified DNAs were used as targets in the nested F^K 
amplification with the dengue virus type-specific oligonucle- 
oSde primers (Fig. IB). First-round "l*"^ * ^ 
flaviviruses did not alter the specificity of the assay since 
the amplified DNA products generated did not react with the 
densrue virus type-specific probes or primers. 
sXtMly o»X RT-PCR. For postamplificauon de.ccuon 
. . r .- B 'n<i'..v.tic< ->f >wn methods were initially 
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FIG. 1. Agarose gel analysis of the DNA product from RT-PCR of RN A samples isolated from dengue viruses and related flaviviruses. (A) 
After amplification with consensus primers Dl and D2. (B) After second-round amplification with type-specific primers TSL TS2, TS3. and 
TS4. Molecular weight (MW) markers are shown on the left; DNA sizes are given in base pairs. Lanes show amplification of RNA from the 
following viruses: JE. Japanese encephalitis; SL» St. Louis encephalitis; WN. West Nile; YF, yellow fever; EH. Edge Hill; N. western equine 
encephalitis (negative control): DL dengue type 1; D2, dengue type 2; 03. dengue type 3; and 04, dengue type 4. 



hybridized with each of the four dengue vims type-specific 
probes labeled with DIG-UTP; initially "P-tabcled probes 
were used, but these were later replaced with DIG-UTP 
probes of equal sensitivity. Using purified RNA as a stan- 
dard, we consistently attained a sensitivity level of between 
1,000 andl00 ; 000 - yjrai£en^me equivalents (Fig. 3). In the 
sccoful prolocollncstcd), a small portion of the amplified 
product was subjected to an additional 20 cycles of amplifi- 
cation with the 01 consensus primer in combination with the 
four type-specific primers. Figure 4 displays the results of 
applying this nested PCR method with the same samples as 
those used in the hybridization analysis. Sensitivity attain- 
able by this nested amplification method was greater; f 100_ 
vi ral genome eq uivalents were detected. The two protocols 
were also compared -by testing 20 human viremic serum 
samples. The nested approach proved more sensitive by 
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TABLE 2. Comparison of RT-PCR and serological typing of 
geographically and temporally distinct dengue viruses 

Serotype do- 
tennined by 
both methods 



Stnin 


Looiioo 


Yr 
isolated 


16007 


Thailand 


1964 


1041 


Indonesia 


1976 


30893 


Malaysia 


1981 


162.AP2 


Philippines 


1984 


11631 


Puerto Rico 


1986 


GML100O53 


Guatemala 


1989 


INS353117 


Columbia* 


1990 


INS353178 


Colombia* 


1990 


88970 


Venezuela 


1990 


TC16681/64 


Thailand 


1964 


489 


Puerto Rico 


1977 


283 


Indonesia 


1978 


042.AP4/2207 


Philippines 


1983 


D85-044 


Thailand 


1983 


1715 


Dominican Republic 


1986 


88967 


Venezuela 


1990 


CH33489D731 


Thailand 


1973 


1300 


Malaysia 


1974 


1340 


Puerto Rico 


1977 


1178 


Indonesia 


1977 


1280 


Indonesia 


1978 


D80273 


Thailand 


1980 


26237 


Malaysia 


1980 


168.AP2 


Philippines 


1983 


D84315 


Thailand 


1984 


1594 


Sri Lanka 


1985 


D 86013 


Thailand 


1986 


1053 


Indonesia 


1976 


1132 


Indonesia 


1977 

ii * 
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rroocs were labeled with DlG-LTP and detected with Lumi-PSos 




tiG , Dot b ,o, h> b nd,„..o„ of the DNA produc, obtaine, I after on< .round of JJ£^^SSTS»ST.~ 
... .- consensus pnmers D! and D2. The membranes contained , dem* -vpes 1 -panel II. 2 -panel I!. 3 -panel 

..; r^ n ;,r^^ Th < numbtr of 11 RNA mokcJ1 " 4 " i>ed ,s 

^o*n on the left. 



•orrectlv identifying five v.rem.c serum samples that were 
round negative by the dot blot hybr.dization method (Table 
;■■ The nested PCR method was used exclusively throughout 
the remainder of this study 

Detection and typing of dengue type 2 virus in mfected 
mosquitoes. Figure 5 d.splays the results of testing dengue 
,v De 1 v.rus-.nfected A. ce^pii mosquitoes. As previously 
Mated, the RNA isolated from these infected mosquitoes 
.as onginally found negative for dengue type 2 v.rys by the 
RTPCR assay at all time points. However, when the RNA 
camples were captured on magnetic beads pnor to RT-PLK 
jmplification. they were amplified wuh consensus pnmers 



D1 

5»» «o *i « <■* _ 
2 9 99 9992z 



D2 



|o ooo gg 9z 




Dl and D2 and correctly typed by the nested PCR method. 
Samples were found positive for dengue type 2 virus starting 
at the earliest time point (day 2) and were positive through- 
out the remainder of the time points assayed (Fig. 5) 

Detection and typing of dengue viruses in climcai 5am P , «- 
Ninet y-three human viremic serum samples were tested by 
iheKT-PCR assay. laBlC ^summarizes the results compar- 
ing identification by the RTPCR assay with identificat.on by 
virus isolation in mosquitoes or cell cultures and subsequent 
typing bv the IFA wuh type-specific monoclonal antibodies. 
In all but four instances, dengue viruses were correctly 
detected and typed by the RT-PCR assay, compared with 
virus isolation. One dengue type I virus sample and three 
samples containing dengue type 2 virus were not found 
positive bv the RT PCR method. Ter^d^tional^ampies 
from Southeast Asia tdata not .nciu"deT in Table *) were 
ongmSftV Tiengag~ v i nj V" po \m v r ■ w rr e n-tsotetcd Burnegauve, 
when iesicu^rmnrr^eirt«ar^c the storage history 
of these samples may have reduced or eliminated virus 
titers, these samples were reinoculated into mosquitoes and 
assaved for viruses. Seven samples were negative^ and three 
samples yielded questionable results (one or two fluorescent 
cells were observed ,n the DFA). These three samples were 
subsequently passed in Co/36 cells. After a suitable period of 
incubation, two tested positive for^denguejype 2_virus -and 
one tested positive Tor dengue type 1 wrus. 

DISCISSION 

In this report, we describe the development of a rapid and 
specific assay for detecting and typing dengue viruses The 



! ABLE * Comparison cf dol No! hvhndizauor. anU nested 
PCR 'or detection jml typing of Uengue viruses 
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FIG 5 Agarose gel analysis of the product from RT-PCR am- 
plification of RNAs isolated from infected mosquitoes and captured 
on magnetic beads. Lanes: MW, molecular size markers On base 
painKN. uninfected mosquitoes; 2 to 15. RNAs isolated from 
mosquitoes on ihe day postinfection shown above each lane: r, 
dengue type 2 virus positive control. 



method relies on a combination of two steps: generation of a 
cDNA copy of the RNA genome by RT and subsequent Taq 
polymerase-mediated amplification of this cDNA. The two 
reactions are combined in a single reaction vessel, signifi- 
cantly reducing the assay time, lowering the risk of contam- 
ination problems, and facilitating the handling of large num- 
bers of specimens. The use of primers homologous to 
conserved dengue virus RNA sequences ensures that all 
strains of dengue virus will be amplified in the first-round 
amplification reaction. The fact that viruses of the Japanese 
encephaJitis serogroup were also amplified by the consensus 
primers confirms the broad reactivity of these pnmers. The 
use of type-specific primers for viruses of the Japanese 
encephaJitis complex in similar two-round amplification as- 
says would generate similar detection and typing tests for 
these viruses. 

The specificity of our assay relies on the ability ot the 
type-specific primers to recognize RNA sequences unique to 
each dengue virus type. This specificity was confirmed by 
testing 33 geographically unique virus isolates (characterized 
by RNA fingerprinting techniques (14)) as well as 93 previ- 
ously identified viremic serum samples (Table 4). No cross- 
reactivity was detected between the type-specific pnmers 
and heterologous dengue virus types; only a single amplified 
product was obtained in each typing reaction. Typing of 
dengue viruses by the nested PCR method with a mixture of 
type-specific primers is superior to hybridization both in 
sensitivity and in ease of ' manipulation. Correct typing 
requires only electrophoresis of the amplified product on an 
agarose gel. whereas the hybridization method introduces a 
filter hybridization protocol requiring the labeling, punfica- 



TABLE 4. Comparison of (he RT-PCR assay and v.rus 
isolation for the identification and lyping of 
dengue viruses from human scrum 



J - Clin. Microbiol. 



tion. and standardization of probes. These probes, aiong 
with the hybridization protocol itself, are usually difficult to 
reproduce. 

The potential diagnostic usefulness of our assay is dem- 
onstrated by the analysis of human serum samples contain- 
ing dengue virus. The assay demonstrates sensitivities of 
94% with dengue type 1 virus, 93% with dengue type 2 virus, 
and 100% with dengue type 3 and 4 viruses, compared with 
virus isolation. The samples from Southeast Asia were 
originally titrated in mosquitoes and possessed virus titers 
ranging from 10° to 10* 50% infective doses per ml of serum. 
A meaningful correlation between the original virus titers 
and the RT-PCR results was not possible because of the 
uncertain storage history of the samples. However, it is 
noteworthy that several of the samples which tested positive 
in the RT-PCR originally possessed virus titers asjowas IP 1 
50% infe ctive dose s per ml of serum. The four RT-PCR- 
n^gaTWrsamples that were Wind positive by virus isolation 
(false-negatives) may have been the result of the presence of 
fewer than 100 complete virus panicles, the approximate 
sensitivity limit of the test. Another possibility is that these 
serum samples contained an inhibitor of the enzymatic 
amplification that copurified with the template RNA. A bead 
capture step could be used to eliminate this problem, as was 
done with RNA isolated from dengue virus-infected iriusqm- 
toes; however, insufficient sample volumes prevented exe- 
cution of the bead capture step on these samples. 

Altho ugh false-positive PC R results have beeiweported 
n ^T^ yp-^?^ «*"Y« tK " prnb^mwas LffcumTente d by 
routinel y exercisi n g i ium u onr precautionary measures f 
(physical sipanuiun uf p r e* and uosl -l CRnfrrortpuja.uons, 
UV irradiation of rea^TloTTrnix lures ,jn<mrus^QLppsitive- c 
displacement pirxttcs)aT^m*I^g^^ with- 
out DNA to carefully monitor each assay, , 

Other reports in which PCR was used to identify dengue 
viruses have appeared (3. 4). Our assay possesses several 
differences which we believe make it more amenable to 
routine use in a diagnostic setting. First, the use of broadly 
reactive consensus primers for initial amplification ensures 
that all dengue virus isolates encountered in a diagnostic 
laboratory will be correctly identified. Second, the nested 
PCR method is both more sensitive and easier to standardize 
than either hybridization or restriction digestion for confir- 
mation of the amplification product. Finally, RNA capture 
on magnetic beads prior to amplification allows circumven- 
tion of potential PCR inhibitors, which are likely to be 
encountered in the analysis of a large number of ^cunens. 

The accuracy and speed of the RT-PCR assay make it an 
appealing test for the diagnosis of dengue and for epidemio- 
logic surveillance. In our laboratory, we have been able to 
complete the RT-PCR assay, starling from RNA "paction 
and completing with agarose gel analysis, within 30 h In 
diagnostic laboratories currently using traditional isolation 
or serological methods, this assay could be used to comple- 
ment existing techniques or in some cases to replace them. 
In addition, the basic methodology of directly ampUfy ng 
RNA into doubtcstranded DNA can be used to amplify 
larger regions of the genome for rapid sequence analyse 
which is ppttMMly useful for both epidemiologic analysis 
and evolutionary studies. 
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SENSITIVITY AND SPECIFICITY OF A UNIVERSAL 
PRIMER SET FOR THE RAPID DIAGNOSIS OF DENGUE 
VIRUS INFECTIONS BY POLYMERASE CHAIN 
REACTION AND NUCLEIC ACID HYBRIDIZATION 

ERIK A. HENCHAL, STEPHANIE L. POLO, VANCE VORNDAM. CHANDHANA 
YAEMSIRl. BRUCE L. INNIS, and CHARLES H. HOKE 
Department of Virus Diseases. Waiter Reed Army Institute of Research. Washington. DC; Center* 
for Disease Control. San Juan. Puerto Rico; Department of Virology. Armed Forces Research 
Institute of the Medical Sciences. AFO San Francisco. California 

„ Ab dL r tV\ A Sct ofscnsc and ami-sens* oligomer* DNA primers, degenerate in the thin 
wobble base position of codons so as to match ail known dengue virus sequences, va 
evaluated as universal primers in a polymerase chain reaction (PCR) assay for the rmpu 
diagnosis of dengue virus infections. Virus-specific complementary DNA (cDNA) wa 
P r C ,SY ed by reVCrSC lnu3SC "P uon ( RT ) of total RNA extracted from serum AmplifW 
cDNA was identified by nucleic acid hybridization with four serotype-specinc, olifomerk 
UNA probes. Using sera from patients admitted with dengue fever, RT/PCR followed b> 
nucleic acid hybridization using radiolabeled probes was 68% sensitive (50/74- 95% con- 
6dence interval [CI] - 57-78%) and 100% specific. Chemiluminescent detection of hy- 
bridized products was 62% sensitive (26/42; 95% CI - 46-75%). Using specimens from 
which a virus isolate had been obtained, RT/PCR foDowed by nucleic acid hybridization 
with radiolabeled probes was 80% sensitive (40/50; 95% CI - 69-91%) and 100% specinc. 
The results suggest that RT/PCR using degenerate primers is a sensitive and specinc method 
for the detection of dengue viruses in clinical specimens. 



Dengue, a major public health problem in 
tropical and sub-tropical regions, is the arthro- 
pod-borne viral disease of humans with the 
greatest morbidity and mortality.' 2 Laboratory 
diagnosis of dengue currently depends upon de- 
tection of virus-specific antibodies in patient sera 
or isolation of infectious virus followed by se- 
rologic typing. 2 A four-fold or greater increase in 
antibody titer is diagnostic for a recent flavi virus 
infection using the hemagglutination-inhibition 
(HO assay, the most widely used diagnostic tesL> 
Enzyme-linked, immunosorbent assays (ELISA) 
for the detection of dengue virus-specific IgM 
were 10-78% sensitive for the laboratory diag- 
nosis of dengue when admission sera were test- 
ed. 4 - 1 However, these assays can not be used to 
identify the serotype of the infecting dengue vi- 
rus. 

Extensive cross- reactions among the flavi vi- 
ruses and the existence of four distinct dengue 
virus serotypes make etiologic identification by 
serologic methods dift5cuJt*-■ , ldenti6cation of 
the infecting dengue virus serotype has depended 
upon isolation of virus in a sensitive host svstem. 



These methods result in the successful isolai 
of virus and subsequent serotype identincat 
in 20-80% of specimens from serotogicalry-c 
firmed dengue patients. 3 Virus isolation mctb 
followed by serologic identification usually t 
two or more weeks, delaying laboratory diagnc 
until long after resolution of the patient's illnt 

The polymerase chain reaction (PCR) meth< 
which allows for the multi-fold amplification 
viral nucleic acid, has been used to rapidly • 
agnose viral disease*.'*-" Recently, DeubeJ a 
others adapted the method for the detection 
dengue viruses using a mixture of four prim 
sets derived from sequences coding the N-u 
minus of the envelope protein. A PCR-amplifie 
scro type-specific complimentary DNA (cDN/ 
was cloned and used as a non -radioactive, m 
cleic acid hybridization probe in subsequent a 
says." v \. 

Intra typic genetic variation among the dengu 
viruses, even in the same epidemic is well es 
tabu'shed. 1 -" The selection of PCR primers re 
quires careful evaluation, since the potential fo 
false negative results due to nucleotide- base mis 
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lldc primers, degenerate in the third 
C base position of codons.in rapid and 
!^vs based upon PCR amplification. 
% .,ve asMy 

vtATtRlALS AND METHODS 



. v cuiuvation of dengue viruses to _C6/36 

. j/fcopicw) « Us and uuauon m LLC - M1 " 
""'lv kidney) cells have been described pre- 
*•,., Qengue virus strains used as virus 
!!«ds in this study included dengue- 1 (Ha- 
" deniue-2 (Thailand. D80-100). dengue-3 
Ciwd CH53489). and dengue^ (Dominica, 
^ The serotype identity of all dengue w 
. „, w » veri6ed by indirect immunofluorescent 
*** u . m . serorype-specinc monoclonal anu- 
^.1 « Ptvio^y described •> Velio*- fever 
oTand KLunjin viruses were manned as 
. oassage C6/36 cell culture stocks. Japanese 
(Nakayama) and St. Uuis enceph- 
t .„, v,ruses were maintained as higb-passage 
Mint mouse brain stocks. Yellow fever ianis 
" Jft of Dr. Robert Putnak (Walter Reed 
,™ institute of Research). Other non^ngue 
w stocks were provided by Jack McCown 
* ,lier Reed Army Institute of Research). Viral 
, pematants used for specificity testing con- 
ned ai least 10> plaque-forming units/ ml. 

»u:tm specimens 

V-ute sera fr om 74 serologjcally-confirrned 
^ns^n eveT-pTtienU and horn seven paucm s 
...iTT-non-den gue illness wcre^ Mameo^nd 
.^-^n TTTSSc Irom the LentenT for Disease 
,n.rol. San Juan, Puerto Ric o and thePepart- 
™t of Virology. ArmedJ^rces ResearcjLJjt 
u.tute of the MedT arecTcn^. B angkok, Tbai- 
, n <j Dengue elec tions were diagnosed by the 
.sctccuon of anti-dengue lgM or increasing anu- 
Jrniue hemagglutinalion-inhibiting antibodies 
ji paired sera. 1 » Dengue viruses were isolated 
.«n,C6/36 cells or by intrathoracic mosquito 
rwculauoo from 50 of 74 acute sera, and sero- 
>ptd using reference monoclonal antibodies as 
previously described."' " • » » The mean infec- 
a»e dose (MID)*,, the reciprocal of the diluuon 
nfecung 50% of the mosquitoes inoculated, was 
Vierm.ned for 22 specimens* Normal human 
«a i fta vivirus-naive) and a reference, virus-neg- 
,. . -.^..a >. .-.,„ -nnvskvrni venim con- 



taining anti-flavivirus antibodies were included 
,n some assays. The latter serum had a^plaque- 
reduction neutralization liter > 1:160." 

Preparation of viral RXA 

Viral RNA was prepared by guanidine iso- 
tniocyanate-phenol-chloroform extraction by a 
modification of the method described by Chom- 
czynski and Sacchi." One hundred microliters 
of serum or virus-containing fluid was muted 
with 400 mI of solution D (4M guanidine iso- 
thiocyanate. 25 mM sodium citrate. pH 7.0. 0.5% 
sarcosyl. and 0. 1 M 2-raereaptoethanol). Pooled 
human sera containing anti-dengue neutralizing 
antibodies was used as a diluent for stock virus 
,n some experiments. Sodium acetate. pH 4.0. 
was added to a final concentration of 0.2 M. ana 
the solution was extracted with an equal volume 
^water-saturated phenol and one-fifth volume 
ofchloroform-isoamyl alcohol (49:1). The sam- 
ple was mixed vigorously for 10 seconds and 
cooled on ice for 1 5 min. It was then centrifuged 
at 10 000 rpm in a Sorvall 33-34 rotor (Dupont, 
Wilmington. DE) for 20 min at 4«C The top 
aqueous layer containing the viral RNA was 
transferred to a fresh tube and precipitated with 
an equal volume of ice cold isopropyl alcohol for 
one hr at - 20*C. The precipitated RNA was col- 
lected by centritugation at 10,000 rpm for 20 min 
ai 4«C. The supernatant was aspirated fromi the 
tube and the RNA waa resuspended in 500 >d 
of 4 M lithium chloride. The RNA waa collected 
by centrifugahon as described. The pelleted RNA 
was resuspended in 1 50 m1 of fresh soluuonl 0 
and 150 Ml of ice-cold isopropyl alcohoL The 
RNA was reprecipiuted for 1 hr at -20-C and 
collected by cenirifugation as described. Tne pe- 
te, was washed with ice-cold "% «hanol. 
lected by centrifugetioo aa described, and dned 
usinga Savant (Fanningdale, NY) speed vac con- 
centrator. 



Synthetic DNA olisomeric probes ami pnmen 

Reagent grade synthetic DNA oligomer* 
probes and primer* (Table 1) were P^**** 
SyntheceU (Rockville, MD). Pnmer sequences 
bracketed a 4 1 9-nucleoude owe sequence us the 
NS1 gene (Table 2), corresponding to bases z*o i 
to 3400 in the dengue- 1 (Nauru Island.) genomic 
RNA sequence - Identical deduced «mnoj «d 
«quences occur at the primer annealing site, for 
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Table I 

Sequences ofohgomenc DNA primers and probes for PCR amplification of dengue virus Ry* 



Olifomer* 


dumber 


SCQuCDGBt 


Pnmers 






AD3(-) 




CTCATTTCCAT(A, C, G. DCQA, G)TA 


AD4 (-) 




GA(C. T)ATGGG<A, C. G, T)TA(C. T)TGCATAGA 


Probes 






Dl ( + ) 


3135 


GAGGACCAATATCTCAG 


D2<+) 


3235 


AAGCTTGAGATGGACTTT 


D3( + ) 


3150 


GTCTAGCTGCTCCCATT 


D4(+) 


3155 


ATCATATGCGGGCCCTT 



*Oliton»cn wrrc either of |rtiomic( ♦) or w)ii-|rnointc{- ) wntt. Niunhm eormpood to oucieood* base wqmw* Dl 
ocnfuc-2 >p*cifie." D>. dcnfutO ipcnAc. M O*. dmfue-* ipcafc.** 
t Sequrncn are cmrnuxi ia the *' to 3' direct »o*. Bua in putttkrw we iiiera*uve tmaes si the wqiMaa pomxjom ihmi 



dengue 2 (PR159/S1)." dcngue-3 {M87>,>* and 
dengue-4 (Dominica/8 14669)' 7 viruses. Primer 
sequences were degenerate in the third base po- 
sition of codons, thus allowing detection of vi- 
ruses with nucleotide sequence variations, but 
without amino acid sequence variations. Bases 
in parentheses (Table 1) are alternative bases at 
the nucleotide position shown. Synthetic DNA 
probe sequences were derived from serotype- 
specific base sequences within the PCR-ampli- 
fied regions. Primer and probe sequences were 
designed to have three or more nucleotide mis- 
matches with the sequences of non-dengue fla- 
viviruses (unpublished data). 

Reverse transcriptase- polymerase chain reaction 
assay (RT/PCR) 

Virus-specific cDNA was amplified by RT/ 
PCR using the universal dengue virus-specific, 
anti- sense oligonucleotide primer AD3 (Table 1 ). 
Dry RNA pellets were resuspended in 25 m! of 
sterile distilled water containing 25 units of 
RNAsin (human placental ribonuclease inhibi- 
tor; Promega, Madison, WT) or 0. 1 % diethyl pyr- 
ocarbonate (DEPQ, heated at 68^ for 3 min. 
and placed on ice. Five ul of RNA was added to 
a 7 . 5 fil solution containing 11.8 pmoles of prim- 
er AD3 in sterile distilled water. The sample was 
heated at 68*C for 3 min, cooled on ice. and 
added to a reaction mixture containing 50 mM 
Tns, pH 8.3, 70 mM potassium chlonde, 10 mM 
magnesium chloride. 10 mM dithioihreitol, 275 
mM deoxynucleotide triphosphates, 25 units 
RNAsin. and 10 unit* of reverse iransrnpiase in 



cDNA was performed by adjusting the mu 
to 10 mM Tris-HQ, pH 8.3, 50 mM potass 
chloride, 1.5 mM magnesium chloride, 20 
ammonium sulfate, 200 mM deoxynucleotide 
phosphates, 0.3 mM primer AD3, 0.3 mM pri 
AD4, and 0.025 units/*! of Amputaq* D 
polymerase in a total volume of 100 mL The 
action mixture was heated at 94"C for 1 min, 
then cycled 29 times at 45%: (1 min), 72% 
min). and 94"C (1 min). Samples were coolet 
4*C after a final incubation for 5 min at 11 
Sample ( 1 5 mD aliquots were electrophoresed 
1 .2% agarose gels in tris- borate- saline buffer i 
stained with ethidium bromide using stand 
methods. 11 Stained gels were photographed o 
light box using Polaroid type 667 film. Some g 
were Southern blotted to Hybond-N membrs 
and hybridized with mixtures of dengue serot) 
specific synthetic DNA probes.* 

Preparation of labeled oligomeric probes 

Oligomeric DNA probes specific for each 
the dengue viruses (Table 1) were radiolabeli 
or modified for non-radioactive detection. R 
diolabeled probes were 5' end-labeled with *■ 
using T4 DNA kinase, and partially-purified u 
mg Sephadex G-25 column chromatography, a 
cording to standard methods. 34 Radiolabek 
synthetic probes were dUutecHo 10* cpm/mJ i 
hybridization buffer before use. Non-radioacti> 
probes were prepared with a lerminaJ deoxyt 
ucleotide transferase assay in a reaction mixtuj 
containing each of the four deoxynucleotide tn 
phosphates at a final concentration of 0.1 rtA 

.• .1 At aci 
•:*?i»snnaif ttoen ringer Mannneun. ir. 

..i.jixM^ ^ j iinaj miKtnirauoo oi d.0£. 
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F,gu*£ I . Analysis of polymerase chain reaction amplification products separated by electrophoresis OS) 
1 2% agarose gel for one hr at 100 V and stained with ethidium bromide (0.03 nf/ml). Lane M, 123-haat pa 
standard; lane I. dengue- 1; lane 2, dengue-2; lane 3, dengue-3; lane 4, dengue-4; lane 5. Japanese encephaltt 
lane 6, yellow fever, lane 7, Kunjin; lane 8. St Louis encephalitis; and lane 9, uninfected ceU culture superaataa 



mM." Digoxigenin-labeled probes were diluted 
io 0.05 ng/ml in hybridization buffer before use. 

Nucleic acid hybridization 

Forty microliter aliquots of each amplified 
DNA sample were treated with 4 *U of 3 M so- 
dium hydroxide and incubated for 30 min at 
ICTC. Samples were neutralized with two vol- 
umes of 2 M ammonium acetate, vortexed, and 
cooled on ice. A one-fourth volume aliquot of 
each sample was slotted onto four separate Hy- 
bond-N nylon membranes using a Schleicher and 
Schuell (Kecnc, NH) slot-blotting apparatus. The 
DNA was croaalinked using a Stratalinker uv- 
box (Stratanene. La JoLla, CA) according to the 
manu6ictarer*t instructions. Membranes were 
treated with an excess volume of pre hybridiza- 
tion buffer (6* SSCJl* SSC - 0.15 M sodium 
chloride, 0.015 M sodium citrate], 5* Den- 
hardt's solution, [lx Denhardt's solution - 
0.02% polyvinylpyrrolidone, 0.02% Ficoll, 0.02% 
bovine serum albumin], 0.5% sodium dodecyl 

.... *<JV- ,i... rt ^.r,,^,'Mnhtr ipHO 1 mfc' 



ml sheared salmon sperm DNA) for two h*a 
37*C in a heat-sealed bag. Membranes were-T 
bridized with labeled oligomeric probes f 
night at 37"C in hybridization buffer (6* 
1 x Denhardt's solution. 0.5% sheared saimot 
sperm DNA, 0.15% sodium pyrophosphate) 
Membranes were washed twice with an excess 01 
2x SSC, 1% sodium dodecyl sulfate for 15 min 
at ambient temperatures, twice with 2x SSC 
0.1% sodium dodecyl sulfite for 15 min at 3 "PC 
and twice with 2* SSC 0.1% sodium dodecyl 
sulfate for 1 5 min at 42*C 

Washed membranes hybridized with "P- la- 
beled probe were air-dried and exposed to Kodak 
X-OMAT XAR-5 film (Eastman Kodak, r 
ester, NY) and a Cronex lightning plus int 
fying screen (Dupoot). Reactions on 
membranes hybridized with^pn-u^topicalryj 
beled probes were detected usixtg the 
minescent substrate, Lumipbos 530 ( 
Mannheim), according to the manu 
directions. Cbcmiluminescent reactioos werei 
corded by exposing x-ray films to treated i 
*>ranrs for 1- I 5 min 
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DENGUE HYBRIDIZATION PROBES 
D1 D2 D3 D4 



UNINFECTED 

dengue - 1 
dengue - 2 
dengue - 3 
dengue - 4 
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Fclu 2. Autoradiograpb of slot-Wot hybridization of "P-ndioUbeled, deiis^-serorype specific oligomers 
- ^ to amplified DNA using RNA extracted from uninfected and dengue- 1 . -2, -3, and -4 uyectedi cell culture*. 
..v Dt. dengue- 1 specific, lane D2. dengue- 2 specific; lane DJ. dengue-3 specific and lane D4, dengue-4 
.■v\ifK probes. 



kj/j analysis 

The sensitivity and specificity of the assays 
*rrr calculated by standard methods. Ninety- 
* c percent confidence intervals (95% CI) were 
lA jlated by binomial approximation.'* 

RESULTS 

>i ihcity and sensitivity using control virus sus- 

wions 

n order to lest the specificity of the universal 
: ™guc primer system, infected and uninfected 
vpnve control) cell culture supernatanu or 
^Wing mouse brain suspensions were assayed 
v RT PCR. The following viruses were tested: 
**iue-l. dengue-2. dengue-3, dengue-4. yellow 
Kunjin, and Su Louis encephalitis virus. 
'V PCR- amplified products are compared on 
w nhidium bromide-stained 1.2% agarose gel 



size of the amplified DNA was consistent with 
that predicted for the target region in the dengue 
viral genomes (approximately 400 base pairs). 
Ethidium bromide-reactive, non-specific mate- 
rial smaller than amplified DNA was occasion- 
ally obtained with suckling mouse brain prepa- 
rations. 

Dengue virus serotypes were identified by nu- 
cleic acid hybridization of serotype-specific olig- 
omeric DNA probes with amplified cDNA. Slot- 
blot hybridization was chosen as a method of 
evaluation because it allowed for simultaneous 
serotype identification using four different syn- 
thetic probes. Amplified cDNA from uninfected 
or dengue- 1, dengue- 2, dengue-3, or dengue -4- 
infected ceils were each hybridized against se- 
rotype-specific. oligomeric DNA probes (Dl, D2, 
D3, and D4) (Table 1). Each oligomeric probe 
reacted only with the homologous virus serotype 

(Figure 2). 

i.. - f -^'itnimng ^uman 
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RT/FCR detection of dengue virions, a reference 
stock of dengue- 2 (4.7 x 10* pfu/ml) was diluted 
1:100 and then iwo-foW in phosphate-buffered 
saline or pooled human serum containing high- 
titered, anu-dengue antibodies. One-hundred 
microliter aliquois of each dilution wjere then 
assayed by RT/PCR. Amplified DNA was 
Southern blotted and hybridized using radiola- 
beled D2 probe (Figure 3). The last eleitropho- 
retic bands visible in the absence (top panel, lane 
5) or presence (bottom panel, lane 6) of pooled 
human an ri-flavi virus antiserum are equivalent 
to 4.4 and 9 pfu, respectively. The presence of 
ami- viral antibodies did not lower the sensitivity 
of the method. The two- fold increase in sensi- 
tivity shown using human serum as a diluent was 
not reproducible. 



Patient specimens 

Sera from 74 patients with dengue and 
non-dengue or vims- negative control sera 
assayed using RT/PCR. Amplified DNA w* 
characterized by agarose gel electrophoresi 
staining with ethidium bromide, followed b> 
blot nucleic acid hybridization. Forty-two 
imens were tested using both radioisotopic 
chemiluminescent detection methods. Th- 
suits in Table 3 show the sensitivity and s, 
ficily of the three assays for identifying de 
vims patients using admission sera, whethi 
not a virus isolate had been obtained. Slot- 
nucleic acid hybridization using radiolab 
probes appeared to be the most sensitive a 
(68%, 50/74; 959b CI - 57-78%). Virus isol 
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Fictrx* 3. Sensiiiviry of the reverse Iran scrip use -polymerase chain reaction assay to detect dengue- 2 
in ihe presence or absence of human sera containing anu-rUvivirus an b bodies. (Toy paacJX virus 
supernatant only, (bottom panel),, virus culture supernatant diluted with pooled human anb-flavi virus 
Lane I. 1:20 dilution; lane 2. 1:200; lane 3. 1:400; lane 4, 1:800, lane 5. 1:1.600: lane 6. 1:3. 200: 
uninfected ceil cuJture material; and lane 8, diluent only. 




Table 3 

jnd specificity of the polymerase chain reaction assay for detecting dengue viruses in acute human sera 
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v^n.f upon «ubwque*l m»ttn». 

.rrr noi obtained from 10 of 50 RT/PCR-pos« 
«ra from serologically confirmed dengue 
vncnii. In comparison, detection of amplified 

a \ by ethidium bromide staining of agarose 
«m Md a sensitivity of 54% (40/74; 95% CI - 
*i-<vS%). Chemiluminescent detection using a 
..-uiler number of specimens had a sensitivity 
•*:<S (26/43; 95% CI - 46-75%). Exposure of 
« i> films to chemiluminescent reactions longer 
-jn 1 5 mio resulted in high background levels 
. r decreasing sensitivity (unpublished data), 
-r lalse- positive reaction detected using ethid- 
nromide suining was negative upon retest- 

i jnd by other forms of the assay. 

1 vng specimens from which a dengue virus 
*J been isolated, the performance of the assays 

• - 1 * RNA from each of the four dengue virus 
. »*pes was examined. These results are sum- 

*.-./cd m Table 4. To calculate sensitivity, a 
positive was defined as a culture- positive 
- men: lo calculate specificity, a true negative 

• •* Jcrined as a culture-negative specimen. Slot- 

^bndization using radiolabeled probes ap- 



peared to be slightly more sensitive than alter- 
native forms of the a«ay Detection of amplified 
products by nucleic acid hybridization with ra- 
diolabeled probes resulted in sensitivity values 
ranging from 60% to 100%, while other assays 
were sensitive in the range of 14- 100%. For ail 
dengue viruses, RT/PCR followed by nucleic acid 
hybridization with radiolabeled probes was 80% 
sensitive (40/50; 95% CI - 69-91%) and 100% 
specific. Specimens that were RT/PCR -positive 
and false-negative specimens generally con- 
tained similar amounts of virus by mosquito in- 
oculation (10*- 10 4 MID W ). False-positive re- 
sults were obtained using ethidium bromide 
staining (one non-dengue specimen was identi- 
fied as dengue-2) and chemiluminescent detec- 
tion of hybridization products (one specimen 
containing dengue-4 virus was falsely identified 
as dengue-2). 

DISCUSSION 

Previous investigators have described an eight 
primer mixture for serotype- specific PCR am- 



Table 4 

and specificity of (he polymerase chatn reaction assay for dengue viruses of known serotype in human 
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plificalion of dengue virus RNA, and serotype 
identification using cloned, unlabeled cDNA 
probes in nucleic acid hybridization assays." In 
this study, we evaluated PCR amplification of 
dengue virus RNA using a universal primer set, 
followed by nucleic acid hybridization with ra- 
diolabeled or non-isotopicaUy labeled synthetic 
oligomeric probes. Primer sequences were based 
upon degeneracy in codon "wobble" bases. This 
approach has been previously suggested for am- 
plification of coding regions with small patches 
of sequence similarity for uncharacterized retro- 
viruses. * > - 41 By constructing degenerate primers, 
we were able to use a limited amount of sequence 
information to construct dengue-specific primers 
for the RT/PCR assay. Since degeneracy can be 
built into oligomeric sequences at the time of 
synthesis, only a single set of primers was needed 
to amplify dengue virus cDNA, regardless of the 
serotype present. 

Since the universal primer set was designed to 
amplify all dengue viruses, a slot-blot nucleic 
acid hybridization assay using serotype- specific 
oligomeric DNA probes was necessary for se- 
rotype identification. This is the first time that a 
system of serotype-specific, oligomeric DNA 
probes for use in nucleic acid hybridization as- 
says has been described for all four dengue virus 
serotypes. Other investigators have used cloned 
gene fragments as much as 1 0-fold larger than 
our proposed probes. 12 Synthetic oligomeric 
probes may have wider applicability for the field 
laboratory. 

The presence of high-utcrcd an ti -dengue an- 
tibodies in serum has an adverse effect on virus 
isolation or detection using solid-phase capture 
assays. 4 ° Innis and others showed that dengue 
virus isolation was more common in I gM -neg- 
ative than in IgM -positive acute sera. 4 Our stud- 
ies and those of others 21 confirm that detection 
of dengue viruses can be accomplished, even in 
the presence of high-utered neutralizing anti- 
bodies. These results suggest that RT/PCR will 
be an important adjunct to the laboratory con- 
firmation of dengue virus infection. 

Coupsaw with nucleic acid hybridization of 
amplified products with non-isotopically labeled 
probes or radiolabeled probes, RT/PCR was 6 2% 
and 68% sensitive for all dengue patients, re- 
spectively. These results are consistent with oth- 
er diagnostic assays using admission sera: HI 
< 5 3%). dengue IgM (1 0-78%), and virus isolation 
f 20-80%V J * The method we evaluated per- 



formed similarly to the assay described by 
bel and others, which had an estimated sen; 
ity of 75%." Large comparative trials wi 
required to identify the best RT/PCR assay 
tern. Among those specimens for which a 1 
isolate bad been made, this method had an c 
all sensitivity of 80%. Dengue -4 viruses hac 
lowest degree of sensitivity to detection (6. 
and this may be due to unrecognized sequ 
variations in the amplified regions. 2 * 11 

The occurrence of false- negative results 
not correlate with specimens with lower * 
titer. Some false- negative results may have 
curred because of repeated freeze/thaw cy 
prior to RT/PCR testing. Other causes of fa 
negative results remain to be discovered. Tl 
results suggest that virus amplification in 
mosquito remains a superior, yet time-const 
ing, diagnostic method 

In these experiments, digoxigenin-labe 
probes were less sensitive than radioactivtiy 
be led probes. In the case of dengue- 1 virtu 
unlabeled probes reacted with only one of a 
amplified cDNA specimens (14%), while det 
tion by ethidiuxn bromide staining or radioact 
probes were 50% sensitive (four of eight) a 
75% (six of eight), respectively. Since only sir 
numbers of virus isolates were available for soi 
serotypes, additional studies with larger numb 
of specimens and broader panels of isolates i 
required. 

The RT/PCR was 89- 100% specific, regai 
less of whether a virus isolate was obtained. Sis 
other diagnostic methods can not make aa e 
o logic diagnosis without a virus isolate, the 
results are remarkable. The use of radiolabelc 
serotype-specific probes allowed for an addiuo 
al level of specificity (96-100% specific) u 
available in assays using RT/PCR alone (8< 
100%). Some cross-reactions obtained with not 
i so topically labeled, synthetic probes may be i) 
result of the addition of extraneous nucleouc 
bases during labeling or non-specific enzymat 
reactions. Further development may be require 
to improve non- isotonic labeling methods. 

Our successful application of non-isotopi 
methods to the detection of the dengue virus* 
paves the way for adapudooof the method i 
routine diagnostic Uboratoriea/We envision th 
ultimate processing of a clinical specimen to in 
elude amplification of genomic sequences witl 
carefully chosen primer sequences, as well as tfc 
detection of dengue virus-specific IgM. The KT 
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positive sera can be later cultured if recov- 

• jiVirus desirable for research or reference 
^rroies. 
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Summary 

Polymerase chain reaction (PCR) was developed for the in vitro amplification of 
dengue virus RNA via cDNA. A fraction of the N-terminus gene of the envelope 
protein in the four dengue serotypes was amplified using synthetic oligonucleotide 
primer pairs. Amplified products were cloned and used as dengue type-specific 
probes in gel electrophoresis and dot-blot hybridization. We detected and charac- 
terized dengue virus serotypes in blood samples by the three-step procedure DNA- 
PAH consisting in cDNA priming (PK DNA amplification (A) and hybridization 
(H) using specific non-radiolabelled probes. Our findings showed that DNA-PAH 
was more rapid and sensitive in the identification of the infecting serotype than the 
mosquito cell cultures. Moreover, the failure of cultures to detect virus panicles in 
sera containing few copies of viral genome or anti-dengue antibodies justified the 
approach of DNA-PAH to the dengue identification in clinical specimens. 

Dengue virus; Polynucleotide chain reaction; Virus diagnosis 
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Introduction 

The flavivirus genus contains approximately 70 related members classified in 
subgroups including dengue, yellow fever. Japanese encephalitis and t,ck -torne 
encephalitis. The.r eenome is a single-strand positive sense RNA of about 1 1 000 
nucleotides which lacks a poly(A) tract at its 3'-exircmity. In terms of morbidity, 
dengue fever is the most important mosquito-bome viral disease of man. causing 
in tropical latitudes millions of cases annually (Halstead. 1988). Each of the four 
dengue serotypes can be genetically (Blok et al.. 1989; Chu et al., 1989; Trent et 
aL 1989) and antigenicity (Monath et al.. 1986) subdivided into subtypes that 
may vary in virulence (Rosen. 1987). 

The extent of dengue virus circulation and the increasing rate of more severe 
symptoms in children known as dengue haemorrhagic fever/dengue shock syn- 
drome cause a major problem of public health (Schlesinger. 1977). Tbense of 
epidemics outside the Southeast Asian endemic part of the world results from the 
introduction of new variants and serotypes, mainly by means of air travel. There- 
fore rapid characterization of the causal agent would help institute measures to 
control outbreaks. Moreover, the identification of the variations and evolution of 
the viral genome would contribute to our understanding of the epidemiology and 
the molecular aspects of the disease. 

The clinical and epidemiological studies on dengue are based upon serological 
diagnoses that are time-consuming or non specific (Burke et al.. 1988) and vims 
isolation (Kuno et al.. 1985). Recovering virus from viremic sera might fail if 
the specimens contained anti-dengue antibodies or were improperly preserved. 
The virus serotype can usually be determined by using type-specific monoclona 
antibodies to detect the virus envelope protein in infected cultured cells (Henchal 
et al 1982) Dengue 2 virus has been identified in specimens by specific hy- 
bndization using cDNA probes (Henchal et al.. .987; Khan and Wright 1987). 
However direct detection with nucleic acid probes from blood samples is limited 
by the low v.remia in some samples and the need for specific probes correspond- 
ing to each serotype. The recent publication of the sequence of the structura 
genes (Deubel et al.. 1986. Mason et al.. 1987; Osatomi et al.. 1988; Zhao et 
al 1986) allows the preparation of such probes. The development of the poly- 
merase chain reaction (PCR) allowed a selective and rapid amplification of short 
segments of genome (Saiki et al.. 1988). It has proved its utility in the detec- 
tion of viral pathogens (Persing and Landry. 1989) and its power to acquire 
direct sequences from the amplified gene molecules (Engelke et al 1988). In 
this study, we have developed a rapid and sensitive diagnostic tool for identi- 
rication of dengue v.ruses in serum specimens by cDNA amplification coupfcd 
,o hybridization with type-specific cDNA probes (DNA-prim.ng-ampl.ficanon- 
hybridization or DNA-PAH) 
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Materials and Methods 

Cells and viruses 

Dengue virus strains used in this study (dengue I: 331-98, Tahiti 1988; dengue 
2: 1409. Jamaica 1983: dengue 3: PaH 881. Thailand 1988: dengue 4: PaH 813, 
Martinique 1981 ) were isolated from human sera and propagated on C6/36 (Aedes 
aiboptvtus) cell monolayers. The serotype was confirmed by indirect fluorescent 
antibody tests with type-specific monoclonal antibodies (Henchal et al.. 1982). 

Human sera 

Sera used in the comparative diagnosis were collected from patients who 
had a dengue illness confirmed by virus detection or serological investigation; 
Serological confirmation of dengue was achieved by demonstration of IgM 
{Chungue et al.. 1989) in an early sample or, if negative, in a convalescent 
sample collected 2 weeks later. The acute sera were collected within 5 days after 
the onset of the fever. Except for one case of dengue 2, samples were from 
humans infected with dengue I. 3 or 4 during dengue epidemics in 1988-1989 
in the South Pacific. Information to determine whether the patients sustained 
primary dengue or dengue superinfection was not available. 

Vims growth. RNA extraction and vDNA synthesis 

Dengue viruses were grown in C6/36 cells <m.o.i.= l-5 PFU/cell) for 3 days 
in Eagle s minimum essential medium containing 2% fetal calf serum. Cells 
were washed in I > TNE (Tris/NaCI/EDTA) buffer and lysed in 0.1 x TNE 
containing 0.5% NP40. Cell nuclei were pelleted by low speed centrifugation and 
the cytoplasmic extract was deproteinized with 3 treatments of phenol in presence 
of 1% SDS. To recover RNA from serum. 200 //I of sample were incubated for 
I h at 56°C in presence of 0.5% SDS. 10 fig proteinase K (Boehringer) and 80 
units RNAse inhibitor (Promega). Sample was diluted with 300 /*! TNE buffer 
and subjected to 2 phenol treatments. RNA was precipitated with 2.5 volumes 
of pure ethanol/0.3 M ammonium acetate. 

Five /<g of intracellular RNA or RNA corresponding to 50 /il of serum sample 
were primed with oligonucleotide primers for first strand cDNA synthesis using 
reverse transcriptase (Deubel et al., 1986). Four oligonucleotide primers were 
synthesized complementary to E gene sequences of dengue I (strain CV 1636/77), 
dengue 2 (strain 1409). dengue 3 (strain H87) and dengue 4 (strain 814669) 
viruses <Chu et al.. 1989; Deubel et al.. 1986: Osatomi et al.. 1988. Zhao et 
al.. 1986). respectively (Table I). Dried RNA was dissolved in 10 //I of water 
with 100 ng of oligonucleotide. The mixture was heated at 90 C C for 2 min. then 
cooled on ice. cDNA synthesis was performed in 20 /tl of Tris.HCI 50 mM. 
pH R.3. KC1 50 mM. MgCI : 8 mM. dithiothrettol 10 mM. 0.5 mM dATP. 0.5 
rn.M dCTP. 0 5 mM dGTP. 0.5 mM dTTP. 40 units RNAse inhibitor and 2 units 



TABLE \ 



Primef* 


Number 6 


Sequence' 


Lengin oi *nc 
PCR product 
Ibp) 


Dli*i 
Dlt - ) 


52 


CCAACGTGGGTTGACGTGGTATTGC 

aaacgttcgtcTacacacaaagttcg 


237 


D2<*> 
D2<-> 


39 
305 


ggggtttcaggaggaagctgggttgac 
ccccatcctctgtctaccatg 


266 


D3< + > 
D3<-> 


J7 
303 


cgggagctacgtgggttgacgtgg 
ccagcctctgtctacgtatgtatcc 


257 


D4<-> 


40 
306 


ggagtctcaggtggagcatgggtcgac 
gccccaccctctgtctaccacatc 


267 



bp: ba* pairv 

,nncrrint a « (Boehnneer). The reaction was incubated for I h at 42°C 
and sloped ^ 0.2 M EDTA DNA was pheno. exacted and e.hano. precipitated. 

t DNA amplification 

For standard PCR (Saiki e. al.. 1988). one fifth of the cDNA Pg*« *» 
added to a final volume of 50 ,d con.ain.ng 50 mM KC1. 10 mM TrojHClpH 
8 4? mM MgCb. 10 ,zg gelatin. 250 nM of each deoxynuc eot.de tnphosphate 
frfATP dCTP ' dGTP dTTP). and 0.3 ,<g of each ohgonucleot.de pnmer The 
eSces^f the primers corresponding to the vira. genom.c sense were chosen 
^ Zui ">50 nucleotides upstream from those of the pr.mers used for cDNA 

„ .sfTab" 1) Firs,, /denaturat.on of the RN A-cDNA hybnds was done 
a 95'C for 10 min followed by primer anneal.ng for 2 mm at 55 C.Ui«m 

the reaction was maintained at ^ »or w k -innealiM at 

s 5 C for 1 m.n ana R , of each reaclion mature were 
were maintained at il <- 'or mm. # frw/Rorate/EDTA) stained 
elcctrophoresed .hrough 1.5ft agarose gel in TBE (Tns/Borate/tUM A) sia.neo 
with ethidium bromide for DNA visualization. 



Chilian of dengue iDNA 

One half of the amplified DNA mixture was incubated with restricts enzymes 
W °cH and 4«fl Se ... then loaded on a 1ft low me.t.ng pom, agarose ge. 
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(Gibco Bethesda Research Laboratory) in TAE buffer (Tris/acetate/EDTA). The 
DNA was excised from (he gel, phenol extracted, and ethanoi precipitated in 2.5 
volumes of pure ethanol/0.3 M NaCI. The DNA was cioned into the EcoRV- 
jnd M/icII-cui. calf intestine phosphatase-dephosphorylated plasmid bluescript 
pKS(-) (Alnng-Mees and Short. 1989: Maniatis et aL 1982). Dengue double* 
stranded recombinant DNA was sequenced using the Ml 3 universal primer and 
T7 polymerase (Sequenase, US Biochemicals). 

Southern and dot-blot hybridization 

DNAs from agarose gel were transferred to cellulose nitrate membrane by 
the Southern method (Maniatis et aL 1982). For dot hybridization, samples of 
DNA corresponding to one tenth of the PCR product were denatured in 50 mM 
Tris.HCI. pH 7.4. 0.2 N NaOH. 6 x SSC for 10 min at 80°C. After neutralization 
with 0.2 M Tris.HCI. pH 7.4, the samples were spotted onto nitrocellulose filters 
by using a manifoid (Minifoid i. Schleicher & Schueii). The membranes were 
heated for 2 h at 80°C and prehybridized for 30 min at 42°C in a buffer 
containing 4 x SSC. 5% powdered milk, 50% formamide. 0.1% SDS, then 
hybridized overnight at 37°C in the same solution containing the labelled dengue- 
specific probe. The recombinant piasmids containing each a fraction of E gene 
corresponding to a dengue serotype were labelled with [ ,: P|dCTP (Amersham) 
using the nick-translation procedure (Boehringer) and were used as radioactive 
probes for hybridization tests. Membranes were washed (Maniatis et aL 1982). 
dried and exposed at -70°C to X-ray film (Hyperfilm-MP. Amersham) using 
an intensifier screen. Nonradioactive probes were prepared by labelling with 
a N-acetoxy-N-2-acetylaminofluorene (AAAF) and used for DNA-DNA hybrid 
detection with anti-AAF monoclonal antibody as previously described (Chevrier 
et aL 1989). Briefly, the filter was hybridized in the same condition as above 
with 200 ng of heat-denatured AAF-labeled DNA probe per ml. After washing, 
the filter was incubated for I h with anti-AAF monoclonal antibody, washed 
and incubated for I h with alkaline phosphatasc-labelled sheep anti-mouse IgG 
antibody. The enzyme on positive hybridization was revealed for 30 min with a 
mixture of 15 ml of 0.33 mg/ml of Nitro Blue Tetrazolium and 15 ml of 0.16 
ms/ml of 5-bromo-4-chloro-3-indolvl phosphate in 100 mM Tris.HCI. pH 9.5. 
100 mM NaCI. 50 ml MgCK 



Results 

Selection, amplification and evaluation oj (he denww E ■„•<■"(' payments for 
\peapi hyhuiitzation 

The secondary structure of the envelope protein E of the Maviviruses is highly 
conserved and contains 3 major antigenic domains. A. B and C (Mandl et aL 
I9K9). Domain A located at the N-terminus of the protein E is stabilized by 3 




MW 1 

Da 




b,r," d cM3,ncd l.5*f agarose «cl. Arrowhead .nd.ca.es .he ampl.hed DNA fragment 

d.sulhde bridges and .he majority of its antigenicity is destroyed by *t«gent 
and low pH (Gu.rakhoo et al.. 1989). In this doma.n. a hydroph.l.c peptide 
„ frZL um.nn acid 2"> to 97 contains a linear epitope (Deubcl. unpublished 

^ « lAp « a . ^ 

e vcos lat,on site. The corresponding nucleot.de sequence shows great changes 
be't*een vanants belone.ng to the same serotype (Blok et al.. 1989. Chu et 
Tm9). Moreover, this gene fragment is flanked by sequences relatively 
conserved between geograph.cal variants that have been used as primer for gene 
ampHfiSiw. Two restriction sites. H.ncW and Accl. natural or .mroducedl * 
PCR (Tab e I ) were used to clone the amplified fragments (F.g. I ). Clearcut PCR 
S2fS LiS 250 base pairs (bp) were obtained with each 
Ed for dengue I. 3 and 4 gene amplified 5T5S 
to the product pf W./iclMirl-d.gested plasm.d p30-VD2 (Deubel et al.. IV»0) 
con.a.nirte the structural uenes for dengue 2 virus (Fig. ) 

The denntv o, ,he product was conrtrmed by clon.ng and sequencing the 
amoved DN A tr mmed a. us ex.remii.es with Hindi and Aid and corresponding 
$ ' bp (213 bp for dengue l)(F.g. 2). The four dengue ^^"/^^ 
o W of nucleotide divergence. The HinclUAn ■ ^cloned nuc eot.de fragments 
n me cene E of deneue v.ruses were used tor hybridization tests. 
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Fig. 2. Hybriduanon probe sequences. cDNA fragments ofthc envelope proiein gene for ihc four dengue 
serotypes unuicaicd as 1.2. .1 and 4» were cloned in pKS bluescnpt plasmid and *ere sequenced (see 
Material* and Methods). HincW and An \ cloning sites are indicated. Homologies in the nucleotide 
sequences with the sequence ol dengue I vuus arc doited. Overlapping sequences with the primers 
jre underlined. Localization of the fragments m the dengue envelope gene are indicated by first and 

last nucleotides (nil. 

Evaluation of the specific m of the DNA-PAH for dengue serotype determination 

A mixture of the 4 dengue-specified anti-genomic oligonucleotides (Table I) 
was used to prime RNA extracted from cells infected by each of the dengue 
serotypes, respectively. The cDNAs synthetised were then amplified by PCR 
using a mixture of four pairs of dengue-specific primers (Table 1). Fig. 3A shows 
ihe amplified DNAs in the ethidium bromide-stained gel. Each lane corresponded 
to the product of one dengue serotype which had infected the cells. In lane C 
product from mock-infected cells was used as control. Several bands of different 
intensity are seen in each lane. Nevertheless, a band of high intensity for the 3 
first seroiypes and of lower intensity for the dengue 4 and the control is obvious 
at the expected size of about 250 bp. The specificity of the DNA bands was 
confirmed by Southern blot hybridization with (-' : P)dCTP nick-translated probes. 
The probes corresponded to double-stranded recombinant plasmids containing 
ihe dengue inserts shown in Fig. 2. Fig. 3B shows that (he PCR product of 
RNA from each dengue serotype is specifically recognized by the corresponding 
probe. Moreover, bands of a size larger than expected are also recognized. The 
dengue I probe shows a slight cross-reactivity with ihe dengue 3 cDNA when the 
membrane is washed a! 42°C. On the other hand, no bands from mock-infected 
cells were recognized by any of the probes. 

To circumvent the lime consuming and laborious technique of Southern blot 
and the use of radiolabeled probes, we have dotted on nitrocellulose the same 
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products of DNA amplification as those shown in Fig. 3 ■ The fengi* serotype 
wasdc envied by using the same four probes labeled w,«h AAF (see Mttnb 
S Ss,. The DNA-DNA hybridization data shown ,n F,g. 4 confirm the 
specificity of the dengue probes for ihc amplified DNA. 

Evaluation of the sensitivity of the PCR 

We have tested the sensitivity of the PCR for the detection of dengM e virus 
eenome by mu.ng serial dilutions of viral particles ...rated on Toxorhyncfutes 
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Fig. 4. Specificity ot spot hybridization assays. Rows 1 .2.3.4 contained DNA amplified from each dengue 
serotype tsee legend figure 3). AAF-labcllcd probes specific to each dengue serotype are indicated Prl. 
Pr2. Pr3 and Pr4. respectively. (C): RNA amplified from mock-infected cells. Membrane washing was 

earned out at 65°C 



mosquitoes (Rosen and Cubler. 1974). with normal serum. These mixtures served 
either for mosquito cell culture inoculation or for RNA extraction and PCR 
procedure. Amplification products were shown when at least I viral particle 
was present in the serum sample (Table 2). As DNA-DNA hybridization was 
performed on the equivalent of I /<l of serum we can expect that it detects at 
least a viremia of I0 1 infecting panicles per ml. Dengue viruses from clinical 
samples are most commonly characterized afterculture on mosquito cells (Kuno 
et aL 1985). In order to compare PCR with cell culture, 24-well plates of C6/36 
cells were inoculated with 50 /il of serum samples containing increasing titers 
of dengue 2 viral panicles (Table 3). The results show that the limit of virus 
detection in culture corresponds to a viremia about 2 xJ O* mosquito-infecting 
pa nicles per mi and that it j gquires 6 da ys (Tables 2 an<T"?T " 

Detection of dengue virus RNA tn' peripheral blond of infei red patients 

We have applied the DNA-PHA to 32 sp ecimens o f blood from febrile patients 
who experienced a dengue illness. Anfi-uengue igM antibodies were detected in 
8 of these samples (data not shown). The other sera seroconvened later on. as 
demonstrated by presence of IgM in a second serum sample (see Materials and 
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Intrathoracic 
inoculation in 
mosquito 
PCR 

Cell culture 



I 6 

5<r 



_CII lu uwv — 

dumber of mo«,u, l o-.nf«c.,ng.p»n.cl* g.v.ng a P°» i,,ve '^"f 2 primeo (T.We 

Materials and Methods). 

'Data are derived from results shown in Table 1. 



TABLE 3 

Temporal study of dengue 



I virus rcgiicaiw 



^Tt^P immunofluorescence s core* (Days after infection) 



10 



II 



10 

\& 
10* 



<+) 
(+) 



serotype was confirmed by .mmunofluo escence Uao c ^ 

contained anti-dengue IgM anttbodtes (d ta no s, ^sS^r^sh£ 

thelTTlera^med^ntV-dengue IgM ^J^™, b spccific hybndization 
of the 24 ^"P 0 ^^^^^ ^e-specific pair of 

were negat.ve by DNA-PAH and cell culture. 



Discussion 



fected spec.mens has been ^'^J™' ^ ^ced for cDNA pnimng. 




infection with a second serotvpe. Disease known as dengue hemorrhagic fever 
accompanied by internal bleeding and shock (DHF/DSS) is frequendy found in 
endemic Asian countries where case-fatality rates in children reach 2 to 10% 
(Halstead. 1988). These severe cases of dengue requiring hospital admission 
usually develop a few days after onset of fever, when the viremia is decreasing 
and low. The rapidity of the DNA-PAH test that could be performed in 2 days 
offers an advantage over standard tissue culture (Table 3) for virus detection. 
On the other hand, the higher sensitivity of DNA-PAH method compared to cell 
culture to detect dengue virus has been confirmed on viremic samples (Tables 3 
and 4). First, we have analyzed samples in which the virus was titrated and we 
concluded that PCR was about 20 times more sensitive than cell culture (Tables 
2-4). Second, we have been able to prime and to amplify DNA complementary 
to viral RNA in 9 samples found negative by culture (Table 4). In 8 sera, immune 
complexes may have inhibited the cell infectivity of the virus (data not shown). 
Other causes that could explain false-negative results in culture, are low titer of 
virus and preservation of the sample at inadequate temperature before the test We 
found 24 dengue-positive sera by DNA-PAH among 32 patients in whom dengue 
virus infection was confirmed by a presence of anti-dengue IgM antibodies in 
the acute or convalescent serum samples. False negative results in PCR for 8 
specimens obtained few days after the onset of fever are not yet understood. We 
were more successful in detecting dengue 1 genome in culture negative samples 
than dengue 3 and 4 (Table 4). Nevertheless, using our DNA-PAH test, we were 
able to amplify and to detect the genome fragment of several dengue genomic 
variants (RicoHesse. 1990). 4 of dengue 1. 7 of dengue 2, 3 of dengue 3 and 3 
of dengue 4 (Deubel et aL manuscript in preparation). Therefore, more samples 
for virus isolation in epidemic areas have to be tested to appreciate the reliability 
of PCR over tissue culture. 

Dengue* virus replication in humans appears to be restricted to mononuclear 
cells (Halstead. 1988). Moreover, higher rates of vims isolation from peripheral 
blood leukocytes than from serum have been observed (Scott et al., 1980). It 
would be of interest to apply the PCR technique to these cells which might 
be increased in power for early diagnosis. A better understanding of the dengue 
pathogenesis could be provided by PCR while characterizing other putative target 
cells important for dengue infection. 

PCR would improve the accuracy in viral sequence determination. Sequencing 
the gene directly amplified from clinical specimens would avoid variant strain 
selection or mutation event that may occur in tissue culture (Engelke et al., 
1988) The PCR using Taq polymerase has an error tm^LS^q mutation after 
^0 cycles (Keohavong and Thilly, 1989). This may not cause any problem for 
direct sequencing since misincorporation generally occurs uniformly along the 
amplified DNA and affects only pan of ihe product. Tne feasibility of this method 
would provide a powerful tool for molecular epidemiology investigations. 
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A rapid, simple and efficient single-tube proce- 
dure is described for the isolation of dengue vi- 
ius RNA from small amount of scrum {10 jjJ) 
followed by 3 reverse transcriptase-polymerase 
chain reaction (RTPCR). Recovery of RNA is 
based on the lysing and nuclease-inactivating 
properties of guanidinium thiocyanate in the 
presence of silica. The silica RT-PCR can be com- 
pleted within 5 hours starting from RNA extrac- 
tion to agarose gel electrophoresis. All of the 63 
dengue-3 culture-positive sera were RT-PCR- 
positive (virus titres: <10 2 to 1 T 069 ). Of 33 cul- 
ture-negative acute sera from serologically con- 
firmed dengue fever patients collected during 
dengue-3 epidemic, 4 were RT-PCR-positive. RT- 
PCR was also positive in 29 of 30 dengue-1 cul- 
ture-positive sera (virus titres range: <10 2 to 
10 869 ). Dengue-1 virus was also detected in field- 
caught Aedes aegypti mosquitoes by silica RT- 
PCR. £ 1993 Wiley-Liss. inc. 

KEY WORDS: dengue diagnosis, guanidinium 
extraction, genomic amplifica- 
tion, RNA isolation, silica RT- 
PCR 



INTRODUCTION 

The four serotypes of dengue viruses, designated den- 
gue- 1, -2, -3, and -4, are members of the Flavumdae. a 
family of viruses containing an 11 kilobase single- 
stranded, positive sense RNA genome. These viruses 
are transmitted principally by Aedes aegypti mosqui- 
toes. They produce a large spectrum of illnesses in hu- 
mans varying from an acute, self-limiting disease iden- 
. rif > fpvpr nr DF 1 to vprv severe svndromes *uch as 



dengue virus isolated from clinical specimens and field- 
caught mosquitoes are important for clinical and epide- 
miological investigations. The classical virus isolation 
methods followed by serological typing usually take 
from days to weeks (Gubler et aL 1984). Although the 
recent development of the polymerase chain reaction 
tPCR) has greatly improved the rapidity of the diagno- 
sis of viral diseases [Saiki et a)., 1988), the current 
complexity of nucleic acid extraction methods from bio- 
logical samples is the major limitation. Several meth- 
ods for detection of dengue virus in serum by reverse 
transcriptase-polymerase chain reaction (RT-PCR) 
have been recently described [Deubel et al., 1990; Hen- 
chal et al., 1991; Lanciotti et al., 1992) but the tech- 
niques used therein for RNA preparation are still labo- 
rious, time-consuming, and difficult to handle while 
treating many samples. 

We now describe a procedure in which the RNA ex- 
traction and the RT-PCR are performed in the same 
microtube. The protocol for the isolation of RNA from a 
minute quantity of dengue patient serum or mosquitoe- 
clarified homogenates is ultra-rapid, simple, and 
highly efficient. The recovery of viral RNA is based on 
the lysing and nuclease-inactivating properties of the 
chaotropic agent guanidinium thiocyanate (GuSCN) 
together with the nucleic acid-binding properties of sil- 
ica particles (Boom et al., 1990). 

MATERIALS AND METHODS 
Sera 

Acute sera from 93 virologically confirmed dengue 
fever patients were tested by the silica RT-PCR assay. 
These samples had previously been shown to contain 
dengue viruses by isolation in C6/36 Aedes albopictus 
cell cultures IChungue et al.. 1992). Dengue serotyping 
was achieved using indirect immunofluorescence assay 
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Fig 2. Ethidium bromide-stained agarose ge! for the revelation of 
RT-fcRdengue-3 virus RNA amplified product*. Lanes: M. molecular 
"ght markka ,n base pairs; I: positive control: * ~J 
senim 3-5: serum specimens containing < tOM^ and 10 TCID*, 
ml respectively; S-7: culture-negative sera from serologically con- 
firmed dengue fever patents collected at day 4 ano oay i o. iiinm. 
resTectivelfThe expected PCR product - 257 bp. .s indicated with an 
arrow. 
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Fig. 3. Ethidium bromide-stained agarose ge for 
RT-PCR dengue- 1 virus amplified products. Lanes: M. molecular 
weiahi marker in base pairs; 1: positive control: *-4: culture-positive 

pool of A. atgypti: 6: negative control. The expected PCR product iZ37 
bpi is indicated with an arrow. 



min at 72°C. The amplified products at predicted size 
<257 bp and 237 bp for dengue-3 and dengue- 1 . respec- 
tively) were revealed by staining with ethidium bro- 
mide after agarose gel electrophoresis of 5 nl of sample 
aliquots. 

RESULTS 

Typical results are shown in Figures 2 and 3. By 
■-me this fast extraction method i30-60 minutes) fol- 



Chungue et al. 

on C6/36 culture were inferior to 10' of 50% infective 
doses per ml iTCID^ml). Moreover, RT-PCR was also 
positive in 4 of 33 culture-negative acute sera from 
serologically confirmed dengue fever patients. Of 30 
dengue- 1 culture-positive acute sera. 29 were RT-PCR- 
positive (969c sensitivity, 97% agreement rate). As for 
dengue-3, the detection limit for dengue- 1 RT-PCR was 
atTClD 5(y rnl inferior to 10 2 . Sensitivity and agreement 
rate of the results compared to the culture assay were 
also very high with field-caught mosquitoes. All the 
culture-positive A. aegypti mosquito samples were RT- 
PCR-positive and the culture-negative samples were 
negative (100% sensitivity. 100% agreement rate). All 
the 7 culture-negative A. polynestensis specimens were 
RT-PCR- negative. 

DISCUSSION 

We describe a sensitive, rapid, simple, and economi- 
cal silica RT-PCR procedure for the diagnosis of dengue 
infections in human sera and in mosquitoes. The sensi- 
tivity of the silica RT-PCR method is greater or equal to 
methods recently published [Henchal et al, 1991; Lan- 
ciotti et al., 19921. The main feature of our procedure is 
the simplicity of the viral RNA extraction that allows 
efficient RT-PCR. It has the advantage of eliminating 
the need of proteolysis with proteinase-K and extrac- 
tions with phenol/chloroform and ethanol precipitation. 
Serum samples with virus titres lower than 10 
TCIDso/ml were positive and 12% of the culture-nega- 
tive acute serum samples from serologically confirmed 
dengue patients were also found positive by using this 
method The agreement between RT-PCR and culture 
was excellent. However, there was one false negative 
out of 30 dengue-1 sera (4%); it concerned a very low 
titred serum iTCIDjo/ml < 10 2 ). Others have reported 
similar levels of false negative results related to either 
low positivity on culture assays (Lanciotti et al., 1992] 
or presence of inhibitory components especially in long 
storage history specimens. 

PCR or RT-PCR assays on insects usually pose the 
problem of inhibitory components which compromise 
the enzyme activities and lead to false negative results. 
Additional punfication steps such as dialysis or other 
sophisticated techniques are often required to purify 
the RNA or DNA extracts I Dissanayake et al., 1991; 
Meredith et al.. 19911. For silica RT-PCR on dengue- 
infected mosquitoes, there are no additional purifica- 
tion steps of the RNA extract prior to RT-PCR, such as 
RNA capture described elsewhere [Lanciotti et al., 
1992] The use of silica combined with the guanidinium 
thiocyanate could circumvent loss of sensitivity possi- 
bly due to unidentified inhibitory components that 
might be present in biological specimens. The sensitiv- 
c .u., . f i;,. f , RT PTP for *hp detprtion of dengue 
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Rapid Diagnosis of Dengue by Silica RT-PCR 

due to multiple transfers of "the samples are dramati- 
cally reduced. Therefore, this method is foreseen to be 
particularly useful in endemic countries Tor urgent di- 
agnosis of dengue and for surverttance of vectors. More- 
over, the detection of other RNA viruses, especially 
other flaviviruses, may be envisaged using this tech- 
nique. 
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